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ANNOTATION 


This  manual  presents  Information  on  the  physicomechanical 
properties  of  basic  structural  steels  from  room  temperature 
down  to  -253°C  and  indicates  their  range  of  application. 

Reference  tables  characterizing  the  chemical  composition 
and  mechanical  properties  of  the  metal  according  to  GOST  [All- 
Union  State  Standards]  or  TU  [Technical  Specifications]  and  the 
low-temperature  thermophysical  and  mechanical  properties  of  the 
base  metal,  welded  joints  and  bimetal  are  given  for  each  steel 
type . 


Graphic  data  illustrating  the  influence  exerted  by  techno¬ 
logical,  structural  and  operational  factors  on  the  strength  of 
steel  are  presented.  Data  derived  from  foreign  and  domestic 
literature  are  set  forth  in  the  book. 

This  book  is  intended  for  engineers  and  technicians  con¬ 
cerned  with  the  design,  production  and  use  of  various  types  of 
equipment  operating  under  low-temperature  conditions. 


FOREWORD 


Major  problems  related  to  the  creation  of  new  highly-produc- 
tive  and  economical  chemical-engineering  equipment  for  the  grow¬ 
ing  chemical  industry,  as  well  as  other  industrial  equipment 
operating  at  low  temperatures,  are  facing  the  scientific-research 
institutes  and  design  bureaus. 

Publication  of  special  technical  literature  on  the  proper¬ 
ties  of  materials  at  low  and  cryogenic  temperatures  will  contrib¬ 
ute  to  the  successful  solution  of  these  problems. 

The  absence  of  handbook  literature  on  the  properties  of 
steel  at  low  temperatures  prompted  the  author  to  undertake  the 
difficult  task  of  writing  a  manual  intended  for  engineers  and 
technicians  concerned  with  the  design,  production  and  use  of 
various  types  of  low-temperature  equipment  employed  in  the  chem¬ 
ical,  petrochemical  and  other  related  branches  of  industry. 

The  material  set  forth  in  this  book  is  based  chiefly  on 
data  derived  from  domestic  studies  published  in  periodicals. 
Moreover,  the  various  manuals,  type  books,  All-Union  Standards, 
departmental  and  plant  technical  specifications,  as  well  as 
technical-literature  data  reflecting  contemporary  achievements 
in  the  field  of  study  of  the  behavior  of  metallic  materials  at 
low  temperatures,  are  used  extensively. 

This  book  does  not  examine  the  theoretical  foundations  of 
the  science  of  the  mechanical  properties  of  metals,  since  this 
aspect  is  covered  in  the  works  [1-20]  of  Soviet  scientists  who 
have  codified  numerous  experimental  facts  on  the  failure  of 
metals  subjected  to  various  types  of  loads  and  loading  condi¬ 
tions.  The  book  might  serve  as  an  informative  manual  for  en¬ 
gineers  and  technicians  concerned  with  the  design,  oroduction 
and  use  of  various  types  of  equipment  operating  ur  iv  low-  and 
cryogenic-temperature  conditions . 


I 

ORDINARY-GRADE  CARBON  STEEL 

Ordinary-grade  carbon  steel  is  produced  in  accordance  with 
the  requirements  of  GOST  380-60  and  delivered  in  the  hot-rolled 
state  conforming  to  group  A  with  guaranteed  mechanical  properties 
or  conforming  to  group  V  with  specific  chemical  composition. 

Group  A  steel  is  used  in  the  as-delivered  state ;  group  V 
steel  is  employed  for  components  that  are  subject  to  hot  deforma¬ 
tion  or  heat  treatment  in  the  manufacturing  process. 

The  mechanical  properties  of  ordinary-grade  carbon  steel  are 
dependent  upon  the  smelting  procedure  used  on  the  steel. 

The  ultimate  strengths  of  open-hearth,  Bessemer  and  con¬ 
verter  steels  are  almost  the  same.  A  particularly  noticeable 
difference  is  observed  in  the  nature  of  the  relationship  between 
impact  strength  and  test  temperature.  With  converter  steel,  a 
more  rapid  drop  in  impact  strength  takes  places  with  decreasing 
temperature.  In  this  case,  rimmed  steels  exhibit  a  greater  ten¬ 
dency  to  lose  impact  strength  as  compared  with  semikilled  or 
killed  steel. 

Strain  aging  of  carbon  steel  (particularly,  rimmed  converter 
steel)  gives  rise  to  a  sharp  drop  in  impact  strength  at  low  tem¬ 
peratures  . 

Ordinary-grade  carbon  steel  submits  well  to  all  types  of 
welding,  and  this  is  one  reason  for  its  widespread  use  in  weld¬ 
ments,  industrial  structures,  railroading,  and  shipbuilding. 
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Key  to  page  2 

1)  Steel  St.  2 

2)  I.  Properties  at  +20°C  according  to  GOST  380-60 

3)  chemical  composition,  % 

*0  steel  type 

5)  group  B 

6 )  group  V 

7 )  not  above 

8)  open-hearth  steel 

9)  MSt.  2kp 

10)  VSt.  2kp 

11)  mechanical  properties 

12)  group  A 

13)  t,  kg/mm2  (not  below,  by  rolled-thickness  categories) 

1^1)  kg/mm2 

15)  not  below 

16)  St.  2 

17)  St.  2kp 

18)  Note.  For  St.  2  profile  steel  of  category  two,  o.  not  below 
21  kg/mm2 

19)  Application  —  for  deep-drawn  parts  and  rivetmaking 

20)  II.  Mechanical  properties  at  low  temperatures 

21)  tensile  strength  for  steel  St.  2  [21] 

22)  temperature,  °C 
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1)  impact  strength]  of  steel  KSt .  2kp  (according  to  data  of  the 
Institute  of  Petrochemical  and  Coal-Tar  Synthesis) 

2)  state  of  material 

3)  a  ,  kg*m/cm2,  at  temperature,  °C 

*0  tkr>  °C  at  an  <  H  kg*m/cm2 

5)  hot-rolled 

6)  annealed 

7)  normalized 

8)  normalized  and  tempered 

9)  hardened  and  tempered 

10)  Notes.  1.  Chemical  composition  of  steel,  %:  0.12  C,  0.*h*h  Mn, 
0.0*h  Cr,  0.018  P;  0.037  S. 

2.  A  1*J0  x  150  mm  square  rod  was  used  in  the  study. 

3.  The  limits  are  given  in  the  numerator,  and  the  average 
values  in  the  denominator. 

11)  steel  St.  3 

12)  I.  Properties  at  +20°C  according  to  GOST  380-60 

13)  chemical  composition,  % 

14)  steel  type 

15)  group  B 

16)  group  V 

17)  not  below 

18)  open-hearth  steel 

19)  MSt.  3 

20)  VSt.  3 

21)  MSt.  3kp 

22)  VSt.  3kp 

23)  Bessemer  steel 
2*0  BSt .  3 

25)  BSt.  3kp 
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% 

kT/mm* 

A,. 

% 

A. 

% 

5 

rocr 

’  CSS  W1 

■H 

3 

a 

8  »c  Mfiiee 

9  MapmtHOocKOR  u  6tcctMtpoKKan  cntaAb 


1  n  p  k  »  h  m:  I.  An*  OecceMepoacxolt  ctijih  Ct.  3  h  Ct.  3xn  nepaoro  pajp*A*  toa- 
ujxx  npoxiTi  nptAex  TexyaecTx  ycTimiAHeiiOT  mc  we  wee  35  kT/mm*. 

3.  flax  crajiM  MapxH  Ct.  Sun  aroporo  paapaxa  toauihh  npoxara  np tptji  taxyaecrx  ycra 
UMaiatTca  xe  wan  33  Kr/mm*. 


15  Ho3hmhihui  —  *ji«  xaroroMexxa  oficaaex.  ahxui.  &i)axaei.  TpySxux  penwTON,  pax,  x«p- 
xatoa,  xoxtyxoa  k  Apyrxx  arn/icX  ciapnoA  annaparypu  e  paOoaNxx  lexnepaTypaxx  Ao  —40*  Ci 
•  raxma  MX  NsroTOMCHHa  xaxoxarpyxieHMUX  puaaroa.  Ooatox  c  paCoaNXx  TtMneparypaxx 
M  -30*  C. 


.16  II.  0NINHICKH6  CBOfiCTBB  lipH  NM3KHX  TBMnBpBTypBX 

IJ  KO*JX$IHl|HtHT  AHNeAHOrO  PACUIHPCHHI  U*  CTMH  Ct.  3 
■  sumchmocth  ot  TCMnepaTypu  [24] 


„  Texnepary- 

8  p*. •c 

aio*. 

.9  \/ipad 

Texnepary- 

18  p«.  *c 

a. 10*. 

1  g 

Texnepary- 
18P*'  ‘c 

O10*. 

[9  1/apaP 

26.9 

11.79 

-*3.l 

10,51 

-123,1 

8,48 

16,9 

11,66 

'  -63,1 

10,31 

-133,1 

8,03 

6.9 

11,52 

-73,1 

10,09 

-143,1 

7,53 

—3.1 

11,37 

-83,1 

9,84 

-153,1 

6,97 

—13.1 

11,21" 

-93,1 

9,56 

-163,1 

6,29 

-23.1 

,  11.05  , 

-103,1 

9,24 

-173,1 

5,50 

-33.1  • . 

10,88 

-113,1 

8,88 

-183,1 

4,57  * 

-43.1 

10,70 

-6 


Key  to  page  6 

1)  mechanical  properties 

2)  steel  type 

3)  ,  kg/mm2,  not  below,  by  rolled-thickness  categories 

4)  av,  kg/mm2 

5)  GOST 

6)  group  A 

7)  group  V 

8)  not  below 

9)  open-hearth  and  Bessemer  steel 

10)  St.  3 

11)  VSt.  3 

12)  St.  3kp 

13)  VSt.  3kp 

14)  Note.  1.  For  Bessemer  steel  St.  3  and  St.  3kp  of  the  first 
rolled-thickness  category,  the  yield  point  is  established 
at  not  below  25  kg/mm2. 

2.  For  type-St  3kp  steel  of  the  second  rolled-thickness 
category,  the  yield  point  is  established  at  not  below  23 
kg/mm2 . 

15)  Application  -  for  production  of  shells,  cups,  flanges,  tube 
grids,  frames,  housings,  casings  and  other  components  for 
welded  apparatus  with  operating  temperatures  down  to  -40°C, 
as  well  as  for  production  of  light-duty  levers  and  bolts 
with  operating  temperatures  down  to  -20°C. 

16)  II.  Physical  properties  at  low  temperatures 

17)  coefficient  of  linear  expansion  for  steel  St.  3  as  function 
of  temperature  [24] 

18)  temperature,  °C 

19)  deg-1 
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mBXBHHHoCKMfl  cbohctbb  npH  mmikhx  TeMnepaiypax 

2  (lpO'IHOCTb  npil  pnCTHMCIIHH  CTtlJllt  MCt.  3  1 27 1 


6  I  I  tip M. Mil  lon.lllllllH 


7  8  "T 

xr/MM 1  xI'/MM1 


Trunrp.i  ■ 

11  CIH-TomlllH  IKM-TIIIIN II 

7  "n 

kI'/mm • 

8  "r 
*r /mm* 

6.,  */.' 

TU.,1 

-1-20 

42.8 

27.6 

28,9 

-70. 

52,1 

39,0 

32,1 

+  20 

n 

28.1 

30. G 

-70 

H 

42,0 

33,2 

+20 

44.7 

27,7 

32,4 

-70 

52,3 

37,8 

36,3 

9  npMMIMt. 


2  0  XuMu>u(KUi  cocmai  cmaAti.  % 


1  lMapKI  CT1J1N 


1 1  mexaMHMecKHe  ciohcth 

ropflHtuiaHux  (HHcaHTcaa)  h  saxaaeHHwx  (sHaMeHarejik) 
xhcto*  craxH  Ct.  3xn  [28] 


oH,  kTm/cm’,  np*  r*«in*- 

«,  %  i6  p,T>^ *c 

+20  I  -40  -60 


oH>  <tf m/cm1  ,  nocjie 
CT»peHH»  npH  Ten-  ,  n 
nepirype,  *C  1  ( 


+20  |  -20 


26,0  25,0  6,0 

37,5  18,0  8,6 

40,2  I  22,7  28,0,  1.3 


46,7  33,2  20,0  7,0 

43,0  20,0  27£  '08 

46,5  35J  24,3  8,7 


Key  to  page  8 

1)  III.  Mechanical  properties  at  low  temperatures 

2)  tensile  strength  of  steel  MSt .  3  [27] 

3)  No. 

*1)  temperature,  °C 

5)  in  as-delivered  state 

6)  normalized 

7)  oy,  kg/mm2 

8)  at,  kg/mm2 
9'  Note. 

1J)  chemical  composition  of  steels,  % 

11)  steel  type 

12)  MSt. 3 

13)  Mechanical  properties  of  hot-rolled  (numerator)  and 
hardened  (denominator)  steel  St.  3kp  sheets  [28] 

1*0  melt  No. 

15)  sheet  thickness,  mm 

16)  an,  kg-m/cm2,  at  temperature,  °C 

17)  an,  kg-m/cm2,  after  aging  at  temperature,  °C 
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]_  flpoihAxeHue 


&5 

p  $5 

3&2 

5 

°T 

K  r/MH' 

«.  % 

a,,.  kTmIcm1,  npH  TCMne* 

5  pnrype,  *C 

flH,  xrM/CM1,  line  AC 

7  CT/iprilH*  npH  TOM- 
■  nrpnrype,  *C 

*3 

O  ■ 

H  e; 

450 

-40 

-00 

+50 

-20 

12 

42.2 

28,2 

24.2 

4,1 

1.05 

m 

-1.0 

0,5 

o 

52,5 

37,0 

17,0 

8,0 

5.5 

7,8 

4,2 

20 

42.2 

29,2. 

24.2 

3,3 

1.3 

19 

2,5 

0,4 

8,5 

8,0 

4,6 

8  npKKtUHKC 


9  /.  Xumuhcku i  cocmac  cmatu. 


<7  HoMCp 

<-  nJUBKR 

c 

Mn 

■  SI 

p 

S 

Cu 

1 

0,14 

0,47 

Cneau 

0,025 

0,044 

0,24 

2 

0,19 

0,54 

10  ’ 

0,017 

0,033 

0,25 

11  MeuHHiecKHe  noAcTaa  nfxxpMJUHofi  ropaieaaTaHoA  (mhcahtcju) 
H  UKUCHHOA  (3N«MCHaTUb)  ctmh  Ct.  3an  [28] 


12  Ulacjuiep 

1 

1  o#,  kT (mm9 

-  ■ 

g  aR.  Kr-M/cu'.  npH  TCMneparype,  *C 

+20 

-40 

M  14 

42-43 

17 

2, 0-2, 5 

56-60 

20-22 

16,8-17,5 

Nt  20 

40-41 

17-20 

2, 7-0, 6 

56-59 

21-24 

18-19 

8nPHM.a.MM«. 

1  o  Xumuucxu  J  format  cmiMU  Cm.  Jan,  % 


UlMJMICp 

C 

Mn 

SI 

.  p  - 

S 

M  14 

0,19 

0.44 

10  Cae  AN 

0,022 

0,035 

M  20 

0,13 

0,43 

0.031 

0,020  ' 
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1)  continued 

2)  melt  No. 

3)  sheet  thickness,  mm 
*0  ov,  kg/mm2 

5)  ot,  kg/mm2 

6)  an,  kg*m/cm2,  at  temperature,  °C 

7)  an,  kg*m/cm2,  after  aging  at  temperature,  °C 

8)  Notes. 

9)  1.  Chemical  composition  o f  steel,  % 

10)  traces 

11)  mechanical  properties  of  hot-rolled  (numerator)  and 
hardened  (denominator)  St.  3kp  profile  steel  [28] 

12)  channel 

13)  chemical  composition  of  steel  St.  3kp,  % 


-11- 


1  y«iipHM  aauom  craaii  Ct.  3 
(mhhuc  HHCTHTyra  hc+tc-  h  yracxMMiiHCcaoro  cmhtm*) 


Coctoimm  uaTrpmxi 

3 


6  ropRMCKKTMlwA 

7  OtonokchhuA 


ij 

*,  npN  Tfunepnrypc,  *C 

+M 

—SO 

-40 

-60 

-80 

— ino 

14,0-  9.1-  2,1-  0.6- 

13,8  7,3  1,4  0.5 

14,0-  10,8-  3,2-  1 .0 — 

13.5  10,8  3.1  0,8 


8  HopMI/IMMBaHHWft  14,7—  13,0— 

14,0  12,6 

9  3in«Jif hhh A  n  omy-  21,3—  17,0— 


meiiHuA 


18,5  15,2 


10,9-  14.6- 
8.3  9,5 


6  ropaaenaTaHuA  16,0—  10,8— 

16,6  10,0 

7  OroaoKeHHuA  14,6—  11,1— 

15  Q  °’8 

0  HopMMRaoaaHHuA.  20,2—  20,2—  13,0—  1,9—. 

13,8  7.5  9.2  0.8 

9  3*KMeHHU»  ■  orny-  24,0—  14,0—  12,5-  10.3— 

mcHHuft  14,8  13,0  10,8  8,5 


6  ropaacMTaiihiA  16,5— 

15,5 

7  OroaoMHHuA  17,4— 

13,8  0,7  .  0,5  0.3 

8  HopiiajiaaoMHHuA  20,3—  14,0—  1,2—  6,7— 

15,5  6.3  0,8  0,5 

9  3aaMeHHMA‘«  orny-  22,8—  21,5—  23.0—  16,6— 

uieHHuA  16.5  3,9  12,0  0,4 


11  n. 


0  TojmiHt 
C  IRCTI,  MM 


I.  cMcmt*  cm*ju  Cm.  3.  % 


13  t.  B  Tft&ffRIlt  npRMACRU  MARCRMMbRIM  R  HRRHHARbRIM  SHIMRRR  >A«pNOl  RR9ROCTN 


Key  to  page  12 

1)  Impact  strength  of  steel  St.  3  (data  of  the  Institute  of 
Petrochemical  and  Coal  Tar  Synthesis) 

2)  sheet  thickness,  mm 

3)  material  state 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  tkr>  °^»  at  an  £  4  kg*m/cm2 

6)  hot-rolled  mln 

7)  annealed 

8)  normalized 

9)  hardened  and  tempered 

10)  below  -100 

11)  Notes. 

12)  chemical  conposition  of  steel  St.  3,  % 

13)  2.  The  maximum  and  minimum  impact  strength  values  are  listed 
in  the  table. 
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1  y/inpua*  nflixncTb  MCt.  3ttn 


2  COCTOHIIHC  UITCPNIJI* 

mm 

ME  I 

5  JlMTcpnryita 

n 

-20 

-40 

-fiO 

6 

Dajina  ( mo.ii/fii 

an  noAKU 

!0  mm) 

7  ropn'iCKnTnnufl  .  .  . 

|  10,4 

5,7 

0,6 

0,5  j 

— 

|38| 

8 

Jlucm  12 

MM 

7  TopuMeKaTaHuft 

8,7 

6.4 

4,0 

1.2 

-20 

9  no  AaHHbiM  Hh- 

11 

cTHTyTa  H«J)Te-  h 

10  3aKa^eHHufl  .  .  .  . 

7,4 

6.8 

5,6 

4,4 

4.4 

Hmne  —40 

yraexHMH>jecKoro 

CHHTe3a 

12  3aKa^eHHufi  h  ot- 

nymeHHuA  . 

11,0 

9.3 

8,0 

5.1 

1.2 

-50 

1 3  Jlucm  20  mm 


7  TopmeKiTaHuA 

7.4 

4.0 

1,3 

1,0 

— 

0 

10  3axa^eHHuA  .  .  . 

7,5 

6,1 

5,6 

3,3 

2.4 

-40 

12  3axuieHHuA  h  ot- 
nymeHHuA  . 

9.4 

9.2 

6.0 

4,0 

1.4 

— 40 

1^  Jlucm  40  MM 


7 

FopimeKaTaHiiiA 

6.4 

4.0 

0,7 

1,1 

— 

15  ° 

.  10 

3aK»ieHHuA  .... 

10,7 

9,5 

7.5 

5,2 

4,1 

Hiwe  —60 

12 

3aKaaeHHuA  h  ot- 

nymeHHuA  . 

11,5 

10,6 

8,6 

5,4 

3,5 

-50 

- 

16  npumiK.  17 

XuMUiicKui  cocma*  cmaAU,  % 


1 8  Hajwjwe 

C 

Mn 

St 

Cr 

.  Nt 

Cu 

P 

S 

6  Buiki  (to/iihhh«  noa- 
KM  10  MM) . 

0.15. 

0/37 

20  0,03 

0.025 

0,066 

0.020 

0,039 

19  Tlaer  TOamanol  12  mm 

0,19 

0,64 

Cae*n 

0,02 

0,04 

0.25  . 

0,017 

0,033 

21  To  k«.  20  a  40  mm 

0,14 

0.47 

» 

0,08 

0,03 

0,24 

0,025 

0,044 
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1)  impact  strength  of  steel  MSt.  3kp 

2)  material  state 

3)  a  ,  kg*m/cm2  at  temperature,  °C 

4)  t^r,  °C,  at  an  <  ^  kg*m/cm2 

5)  source 

6)  beam  (10-mm  web  thickness) 

7)  hot-rolled 

8)  12  mm  sheet 

9)  according  to  data  of  the  Institute  of  Petrochemical  and  Coal 
Tar  Synthesis 

10)  hardened 

11)  below  -^0 

12)  hardened  and  tempered 

13)  20  mm  sheet 

14)  40  mm  sheet 

15)  below  -60 

16)  Note. 

17)  chemical  composition  of  steel,  % 

18)  article 

19)  sheet  12  mm  thick 
20,  *-races 

21)  same,  20  and  *J0  mm 
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s 

c 

2  a 

i 


11  MCt.  3cn 


1  yxapHU  ■KicocTb  cra/ieft  MCt. 
onpcACJieHHaa  Ha  ofipaauax 


3cn,  MCt.  3Nn  a  coctohmmm  nocTaaKH, 
c  HaapesoM  pauiHHHUx  THnoa  (43) 


17  MCt.  3xn 


h 

S  4 

S. 

y 

6  «„ 

xr-M/CM*. 

npx  TCMnepiType,  *C 

SE 

*C.  npx 

H 

■  is 

n 

H  3  - 

°*ep  9 

S°2 

H  C* 

1st 

+20 

-10 

-20 

-30 

-40 

-50 

-«o 

<  2  *T -m/cm*Y  0  | 

12 

I 

I 

II 

III 

IV 

i  d 

BAOAb 

14 

rionepex 

» 

» 

1 

12,5-14,1 

13.2 

8. 2- 9,0 

8,7 

6, 7-7, 7 

7.2 

6. 1-7,1 

6,6 

6. 3- 7, 6 

7,0 

3, 7-4, 2 
4,0 

8. 1- 9,1 
8,6 

5, 6-6, 8 
6.1 

5.2- 7, 1 
6,1 

5, 9-6, 9 
6,3 

3, 0-3, 9 
3,5 

6, 0-8,9 

7.2 

4, 5-5,4 
5.0 

4. 5- 5,4 
5,1 

4. 5- 6,0 

5.3 

1.2-7, 2 
5,2 

4. 5- 5,0 
4,8 

4. 5- 5, 9 
5,2 

4, 4-5.5 
4,8 

2,4 -6,7 

5.1 

0,7-5, 3 

4.2 

4.1 -4,8 
4,4 

0,8 — 4,6 
1,7 

-35 

—47 

H^e 

—50 

—45 

16 

HHwe 

—20 

„13 

HH*e 

-60 

—55 

15 

Hn*e 

-50 

-45 

16 

HM>xe 

-20 

30 

I 

12 

BAOJib 

14 

rionepex 

11,9-13,0 

12,5 

. 

2, 0-7, 5 
5,9 

— 

0.7- 1,5 
1.2 

— 

— 

— 

I 

8,3-10,8 

9,0 

— 

3, 2-5, 8 
4,9 

0.7-4, 9 
2,3 

0,5- 1,0 
0,7 

0,5-1, 4 
1.0 

— 

-25 

-30 

III 

> 

6, 4-8,3 

7.1 

IeIw 

— 

-25 

— 

IV 

» 

5.6— 7,6 

6.7 

0,9-3, 2 
1.6 

— 

— 

— 

— 

0 

-15  j 

12 

I 

.12 

BAO.lb 

14 

rionepex 

15,1-17,7 

15,9 

1.0-2, 9 
1.9 

1,3-4, 3 
2,1 

0,6-0, 6 
0.6 

— 

— 

— 

-5 

-25 

I 

9,1-10,2 

9,7 

1, 2-7.0 
3,5 

1.3-5, 4 
3,1 

0.6- 1.0 
0.8 

t 

— 

—  • 

-3 

-25 
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1) 


2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 


Impact  strength  of  steels  MSt.  3sp  and  MSt .  3kp  in  as- 

delivered  state,  determined  on  specimens  with  various  types 

of  notches  [43] 

steel  type 

sheet  thickness,  mm 

notch  type  according  to  GOST  9454-60 

direction  of  specimen  notching 

an,  kg*m/cm2,  at  temperature,  °C 

^kr *  ® ^ 

anmin 


10)  £  2  kg»m/cm2 

11)  MSt.3sp 

12)  lengthwise 

13)  below  -60 

14)  crosswise 

15)  below  -50 

16)  below  -20 

17)  MSt.  3kp 
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I 


1  flpodOAMtHUt 


14  npi 


15  I.  XumuikkuS  cotmat  cmtutH.  % 


2  Mapaa  craaa 


MCr.-Jcn  (luiaaaa  3176) 
MCt.  San  (naaau  91402) 


S.  Hupaai  0_ 

Tan  iMpaaa .  I  II  HI  IV  <■<;  yroJi . 

pajuyc,  mm  .  1  I  I  0,25  24  rayOaaa  atApeia.  mm 

t,  B  aacJlHTcaa  npaa<A*"W  npcxcJiu.  a  a  aaaacaaTCAc  —  cpffl"t<«  aaaaeiix*  yaapxo*  b*ikocth. 


-  -  45* 

3  5  2 
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1) 

2) 

8) 

4) 

5) 

6) 

7) 

8) 


continued 

steel  type 

sheet  thickness,  mm 

notch  type  according  to  GOST  9454-60 
direction  of  specimen  notching 
an,  kg*m/cm2,  at  temperature,  °C 


9)  a 


ln> 
'kr» 

lnmin 


'c  at 


n 


sr 


10)  <  2  kg’m/cm2 

11)  JTSt,  3kp 

12)  crosswise 

13)  lengthwise 

14)  Notes: 

15)  1.  Chemical  composition  of  steels,  % 

16)  MSt.  3sp  (melt  2176) 

17)  none 

18)  MSt.  3kp  (melt  91402) 

19)  traces 

20)  2.  Notch 

21)  notch  type 

22)  angle 

23)  radius,  mm 

24)  notch  depth,  mm 

25)  3.  The  limits  are  given  in  the  numerator,  and  the  average 
impact  strength  values  in  the  denominator 


I 


1  y*«pHn«  imiocn  ctham  KCr.  3nn 
(iannwc  HiKTNryTA  *c$tc.  n  yrjKXNMMtccioro  cmmtcji) 


a 


CocroiHH* 


A 

* 

M 


12  5 

9 

P 

>. 

o 

-i 


jg  r  OpAICKITI- 

HblA . 

7  OTOJK  A(CHIIbl  A 
gHopMAAHJODIH- 

HblA . 


103»KMeHHwA 
L13«KlAeHHUA  H 
otnymeMHuA 


3 

jo 

i 


13  S 

l 


9 

B 

>> 

Ck 

E 


9HopMiAH30MM- 

huA  h  oTnymeH* 

huA . 


p  ropi<KKITI- 
nuA  .... 


7  OroxxeHHhiA 
8.HopMMH30MH< 
huA . 


9  HopMtJl H30BAH* 
nuA  ■  OTnyuteH- 


huA 


0  3»K*JieHHhiA 
]_  BtKUieHHuA  V. 
OTnyuteHHuA 


(iM,  «r ■ m/cm *.  npii  rtuncpnrype,  *C 


+20 


5.1— 5,4 
5.3 

7,3-11,3 


9.3 

3,2— 4,5 
3.8 


5.8 

•  58 

9,7-27.6 


18,6 
23,5-26,51 


Sfl 


16,4-17,7 


16.9 

7,9— 8,2 

55 

1 1,4 — 12,6 

11.9 


12,4-19,2 


15,8 

7, 7-8,7 

8.3 

20,6-22,01 


2M 


1.3- 1.8 

1.5 

4. 2— 6. 1 
5,1 

3. 3- 5, 7 

4.5 

1, 5-2.4 
1.9 

4.7-5, 5 
5,1 

19,5-27,0] 


23,0 


11.3-14.6 


12,8 

0,4— 0.8 
~5fi~ 

3.9-8, 3 

6.6 

5,1-10,5 


Tfi 

3. 6- 6,0 
4,8 

15.6— 18,0] 


16,5 


-20 


05 

0.5 

0,7 

57 

0,4 -0,5 
0,4 

0,7- 1.0 

0.8 

1.1-19,7 


6,9 

3,5-30,0 


13,2 


-40 


-00 


0.4 

0,4 

0,6 

0,6 

0.4 -0.7 
0,5 

0,5 

55 

1, 7-2.0 

1,8 

0,6-4, 7 

2.6 


0.2-0, 4 

0,3 

0,3- 0.5 
0,3 

0,3-0, 5 
0,4 

0,2- 1,0 
56 

1,1— 1,5 
1.3 

0,3- 1. 2 

0.8 


8.7-9, 7 

~W 

0,4— 0,5 

~5T 

0,5-1, 5 
1-4 

0,5-0, 7 

0,6 

2,6 -3,9 
3,3 

1 1,3—17,7] 


14,1 


0,8-5, 1 

2.6 

0,3-0, 8 

~W 

0,5-0, 7 

~56~ 

0,3-0, 8 
0.5 

2, 2-6,0 

3,9 

0,7-7, 4 
2,4 


0,4— 0,6 

55 

0,2— 0,4 

0,2-0, 5 

0.4 

0,5— 0,5 
0.5 

0,8-7, 3 
3.0 

0,4- 1, 6 

0,8 


111  n p i 


■=  15 


I.  XuMWuctui  cocmc*  tmatu,  % 


lfl" 


& 

a 

K-J 


+  10 
0 

+20 

0 

-20 

-20 


-40 
+  10 


-10 

0 

-40 


1 6  noJiy^sflpsssTs 

C 

Mn 

SI 

p 

s 

1 2  Cyry  «  u  11  .  .  .  .  . 

^  g  tlpyros  luxrpos  II  mm 

0,22 

0. 19 

0.47 

0.59 

17Gw*m 

0,031 

0,015 

0,097 

0,062 

S.  I  MMSTMS  npNMAHM  np«A«4M,  t  •  HUtllTtM  —  CpCANNC  MMCMM  y*ipH0t  MS' 


<4  kT-m'cm* 


Key  to  page  20 

1)  impact  strength  of  steel  KSt.  3kp  (data  of  the  Institute  of 
Petrochemical  and  Coal  Tar  Synthesis) 

2)  type  of  semifinished  product 

3)  material  state 

4 )  an,  kg*m/cm2,  at  temperature,  °C 

5)  tkr,  °C  at  anmln  i  t  kg'in/cm2 

6)  hot-rolled 

7)  annealed 

8)  normalized 

9)  normalized  and  tempered 

10)  hardened 

11)  hardened  and  tempered 

12)  12-mm  sheet  bar 

13)  rod  18  mm  in  diameter 

14)  Notes. 

15)  1.  Chemical  composition  of  steel,  % 

16)  type  of  semifinished  product 

17)  traces 

18)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact  strength  values  in  the  denominator. 
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1  yjupxia  (iiKOCTb  ctuih  KCt.  3cn  h  KCt.  Sin  >  coctorhhh  nocr»»«M  [43) 


■ 

3 

6 

2  3 

a 

2 

3 

:J 

f! 

32 

H  * 

3  4 

b 

CU  Jr 

■  o3 

Hb3? 

5  •  5 

IU 

■  a  * 

2 

in 

6  -r 

kT-m/cm*. 

rrpN  T«Mn*p«Typ*.  *C 

Hi 

«p-  *c 

““cpea^ 

+20 

-10 

-20 

-30 

-40 

-SO 

-CO 

•  <  2  kT  ■ M/CM *  ] 

12 

12,3-14,5 

9,6-11,2 

6, 7-^9, 4 

0,4-0, 8 

0,4-0, 8 

0,3 — 0,5 

Bao^b 

—33 

KvT<  oCi. 

1  n 

13,2 

10,4 

8,1 

■QGH 

0,5 

0,3 

■*00 

1 1 

1  3 

10,3-11,1 

- 

6, 6-7, 8 

5, 4-6, 3 

E  ■ 

4.4— 6.4 

0, 3-1,8 

i 

IlonepeK 

15,5 

7,2 

5,8 

Eral 

'SIS 

0.6 

—33 

—55 

1,1  -8,0 

0,9-6, 1 

0,7-5, 8 

ii 

1 

* 

6,0 

2,0 

3,5 

— 15 

—45 

7, 8-8, 8 

1,6-6, 2 

5,: -5,8 

1,0-6, 1 

lH 

in 

> 

8,3 

6,3 

5,4 

5,7 

3.9 

~ 

—25 

HHtfte 

—50 

8, 1-8,2 

3,9- 5,2 

2, 7-3, 9 

15 

15 

IV 

1 

1 

8,2 

4,7 

3,4 

HH*e 

-20 

H>i»ce 

-20 

■Jf 

12 

12,2-12,9 

■■ 

4. 1-9,5 

0.3 — 0,7 

I 

Baojib 

12,5 

7.8 

0.5 

— 

— 

■  4  1 

-1-3 

7.5-10.9 

0,6-1, 9 

0,6— 2,8 

0,3-1. 2 

I 

IlonepeK 

■am a 

5,0 

1.2  . 

1.0 

0,7 

—10 

—25 

maSm 

III 

t 

8.7. 

— 

— 

— 

5,8— 7,7 

!  0-1,5 

1 

IV 

» 

6.8 

1.5 

1.1 

0 

—15 

■1 

12 

11,6—17,1 

1. 3-7.1 

0.9-  3,0 

0,6— 0,9 

)  KCt.  3an 

12 

Mm 

Bao;ib 

1  o  1 

13,2 

3.8 

1.8 

0,7 

“ 

— 

—5 

-15 

-1-3 

7.8 — 9.6 

1. 9-8,0 

1. 5-4.6 

0, 5-0.7 

flvi 

IlonepeK 

5,0 

2.8 

0.6  i 

—7 

“25 

u 

1. 1-3.3 

0.8— 1.4 

e 

\  9,0 

1,5 

l.l 

—O 

— 0 
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Key  to  page  22 


1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 


impact  strength  of  steel  St  3kp  in  as-delivered  state  [43] 

steel  type 

sheet  thickness,  mm 

notch  type  according  to  GOST  9454-60 

direction  of  soecimen  notching 

an,  kg*m/cm2,  at  temperature,  °C 


ln » 

fckr  * 
a 


‘n 


9)  a 

10) 
11) 
12) 

13) 

14) 

15) 

16) 


min 


nsred 

<  2  kg*m/cm2 
Kst.  3sp 
lengthwise 
crosswise 
below  -50 
below  -20 
KSt .  3kp 
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Key  to  page  24 


continued 
steel  type 

sheet  thickness,  mm  4 
notch  type  according  to  GOST  9454-60 
direction  of  specimen  notching 
an,  kg*m/cm2,  at  temperature,  °C 


dnmin 

9 )  an  . 

“sred 

10)  <_  2  kg»m/cm2 

11)  KSt .  3kp 

12)  crosswise 

13)  below  -20 

14)  lengthwise 

15)  below  0 

16)  Notes. 

17)  1.  Chemical  composition  of  steels,  % 

18)  KSt.  3sp 

19)  traces 

20)  2.  Notch  type 

21)  depth,  mm 

22)  radius,  mm 

23)  angle 

24)  3.  Steel  St.  3kp  is  smelted  in  a  converter  with  overhead 
oxygen  blow 

25)  4.  The  limits  are  given  in  the  numerator,  and  the  average 


impact  strength  values  in  the  denominator. 
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I 

1 


1  yjupxaa  aaiKOCTk  Ct.  3  nocne  TepMHHCCKoro  ynpoNHCHtta  [43] 


’ 

3s3 

4 

■  5  *»•  kT-m/cm1,  npa  TtunepiTypt,  *C 

6  V* 

2  Mipxa  ctijii 

HanpiiJMHMt 

a  7 

"cpeja 

I? 

■WpCSKH 

otipatuoi 

"UMlt 

' 

JS 

H  4* 

+20 

-20 

-40 

-80 

-60 

-80 

<  2  kT-m/cu •  9 

10  MCt.  3cn 

\ 

12 

n  , 

Bflo^b 

;  urn 

_ 

_ 

10,7-14,2 

13,0 

_ 

_ 

_ 

_ 

\ 

12 

12 

rionepeK 

8, 2-8, 8 

8,5 

— 

6,4— 9,1 
8.1 

5,8— 7,8 
6.5 

13 

HwiKe 

-60 

13 

HH>Ke 

-60 

13 

» 

2(0 

» 

13,0-15,1 

14,0 

8,1 -9,8 

9.5 

• 

6, 6-7, 5 
6.9 

-60 

HH*e 

-60 

14 

MCt.  3nn 

12 

12 

rionepeK 

8,0-11,8 

10,7 

§g| 

1.4-5, 8 

4,6 

— 

3,1— 6,9 

5  7 

0.8— 5.7 
3.4 

-40 

13 

Hw^e 

-60 

30 

10,6-18,1 

I3J~ 

13,9 

• 
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Key  to  page  26 


1)  impact  strength  of  St.  3  after  thermal  heardening  [43] 

2)  steel  type 

3)  sheet  thickness,  mm 

4)  direction  of  specimen  notching 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  tkr,  PC 

7)  anmin 

8)  an 

nsredn 

9)  <2  kg • m/cm2 

10)  MSt.  3sp 

11)  lengthwise 

12)  crosswise 

13)  below  -60 

14)  MSt.  3kp 
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1  flpodo,VKtHue 


2  Mapii  CT1JIR 

3 

:! 

4 

5  a,,  KT-M/tM*.  npi  Teuntparypt,  *C 

6  rm  p 
7  aM  j 

1  "MW  J 

.  ’C 

is 

lUpjJKN 

o6pasuos 

1  °HCptiH 

. 

35 

H  4 

+» 

-20 

-40 

-50 

—60 

-80 

g  <  2  <tf  • m/cm 1 

10  KCt.  3cn 

a 

1  lBaoAb 

IlonepeK 

12 

» 

J  '  /  j  I1 

4,9-7, 1 

6,5 

7,7-10,4 

9.3 

0,9-10,0 

7.5 

1.7-8, 6 
6.6 

2,0-8, 4 
6.5 

5,0— 6.5 
5.7 

-45 

—40 

Hn>Ke  13 
-60 

H«*e  1 3 
-60 

1 4  KCt.  3icn 

12 

MSS 

8,2-9, 7 
8,3 

6, 7-8, 7 
•7,7 

1,4-4, 8 

2,6 

— 

1. 6-6,6 
3,5 

0,3— 4,5 
1.4 

-30 

HH*e  15 
-50 

. 

■ 

13,1  — rl 7,3 
14,6 

8,8-10,5 

9,6 

6, 9-9, 4 

9,0 

6, 5-9,0 

9,0 

— 

— 

Hh/KC 
— 60 

Hii*e  13 
-60 

16  npiMIIIMi: 


17  |.  XuMUHcKui  cocmai  cma-iti.  % 


2  Mapxa  ctijim 

c 

Mn 

SI 

P 

S 

Cr 

SI 

Cu 

18mCt.  Jen 

— 

0.58 

22 

0,018 

0.034 

1 

19  Hex 

0.07 

2  OMCt.  3xn 

,!■  HX»  i. 

0.33 

p  1  CneAU 

0,010 

0.021 

MlllTf*  ill 

» 

0,07 

I  0  KCt.  Jqn 

^  ■'irfl  ■ 

0,51 

11  ±  0.24 

0.026 

0.041 

0.02 

0.00 

1 4  *^Ct'  *Rn 

0,53 

2  1  CJieA“ 

0,027 

0.026 

■Hi! 

0.02 

0.05 

22  J.  Ctuih  KCt.  Jen  m  KCt.  jKn  lunjuuieHw  ■  xomepTope  c  mpxkkm  npoAyaoM  khmopoaom. 

23  3-  MccneAoiiHU  noe/ie  tcpmmmcckoA  oCpaSotKii,  KOTopax  aatunosanack  ■  jaKanKe  c  890’  C  ■  aoae  c  noc.ieAynmiiM  ornycKoM  npn  550’  C 

ffTSxeXHe  2  *  mi  oOpasnax  T«na  I  no  POCT  9454—60. 

24  4.  B  XMCJiHTene  npxMAeHM  npeAcnw,  i  ■  jHaueHaTene  —  cpeAXKC  axaxcxHX  yAapxoB  mjkocth. 
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Key  to  page  28 


1)  continued 

2)  steel  type 

3)  sheet  thickness,  mm 

4)  direction  of  specimen  notching 

5)  an,  kgvn/cm2,  at  temperature,  °C 

6)  tkr,  °C 

^  anmin 

^  ansredn 

9)  <  2  kg'm/cm2 

10)  KSt .  3sp 

11)  lengthwise 

12)  crosswise 

13)  below  -60 

14)  KSt.  3kp 

15)  below  -50 

16)  Notes. 

17)  1.  Chemical  composition  of  steels,  % 

18)  MSt.  3sp 

19)  none 

20)  MSt.  3kp 

21)  traces 

22)  2.  Steels  KSt.  3sp  and  KSt.  3kp  are  smelted  in  a  converter 
with  overhead  oxygen  blow. 

23)  Sheets  studied  after  heat  treating,  which  consisted  of 
quenching  from  890°C  in  water  with  subsequent  tempering  at 
550°C  for  2  hours  on  type  I  (according  to  GOST  9454-60) 
specimens . 

24)  The  limits  are  given  in  the  numerator,  and  the  average  impact 
strength  values  in  the  denominator. 
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1  Rj'immit  HAnpnMtHiiR  »wpt3Kn  o6p,i3uoi 
ha  yjupHyn  aasKOCTb  |29| 


!  M.lpX*  CTAJ1I1 

Hiinpin/iCH** 

"5  BijprjKH 

J  0(lp»3H0B 

4 

,  Hr.M/CM*, 

npii  TCMnrpiTypc,  *C 

+20 

0 

-10 

-20 

-40 

-«> 

5  MCt.  3 

6  Baonb 

— 

— 

17,5 

16,0 

9.0 

3.5 

7  MCt.  3kh 

6  Baoab 

14,8 

13,8 

'  3.3 

0,7 

8DoneptK  ‘ 

9,5 

7,1 

-  j 

5,f> 

0,8 

9  BCt.  3 

6  Baoab 

12,9 

10,4 

5,8 

0.9 

0.6 

0.6 

8  nonepea 

7,3 

6,0 

4.5 

1.5 

0.5 

0,6 

10  n 


11  I.  XuMUHtcKui  eocmat  crnmed,  % 


2  Mapxa  crajin 

C 

SI 

Mn 

D 

S 

Cr 

D 

N. 

7  MCt.  Ian 

BCt.  1 

0.15 
o:  12 

ism 

0.53 

0.41 

0,014 

0,052 

0,053 

0.030 

mm 

Her 

0,0202 

l4  I.  Run  accJicjoaami*  npmteiiaaH  rapaacKinauR  jiuct  tojiiunkoA  12  mm. 


1<3  BaMiHHe  crapcNHa  hi  yjapHyn  aasxocTb  [291 


^.HinpaBAeHie 

aupeaxM 

oflpaauoa 

mm 

,  kT  ■ M/CM  *, 

npx  TeiinepaType,  *C 

+» 

0 

-10 

-20 

-40 

-60 

7  MCt.  3icn 

6  Baoab 

7,0 

2,8 

0,8  i 

0.6 

8  nonepeK 

3,9 

1,6 

““ 

0,6 

0,6 

9  BCt.  3 

6  Baoab 

6,3 

1,6 

0,6 

0.5 

0,27 

8  nonepea 

• 

2,2 

■  0,9 

" 

0,6 

0,6 

0,25 

l6npMM«aaHHI.l.  PCXRM  CTiptHN*:  10%-Hi*  A«4>opW*UH«  paCTBXCHHf  M  H  »U*tpXK« 

,  np«  100*  C.  .  ,  „ 

I.  XiMiwcaat  cocraa  ■  Tojimaay  antra  cm.  ■  npeauaymel  raO/nue. 
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Key  to  page  30 

1)  influence  of  direction  of  specimen  notching  on  impact 
strength  [29] 

2)  steel  type 

3)  direction  of  specimen  notching 
*0  an,  kg«m/cm2,  at  temperature,  °C 

5)  MSt.  3 

6)  lengthwise 

7)  MSt.  3kp 

8)  crosswise 

9)  BSt.  3 

10)  Notes. 

11)  1.  Chemical  composition  of  steels,  % 

12)  traces 

13)  none 

1^)  2.  A  hot-rolled  sheet  12  mm  thick  was  used  for  the  studies. 

15)  influence  of  aging  on  impact  strength  [29] 

16)  Notes.  1.  Aging  procedure:  10?  deformation  by  elongation  and 
holding  at  100°C.  2.  The  chemical  compositions  and  sheet 
thicknesses  are  listed  in  the  previous  table. 
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r 

. 

! 

i 

i 


]_  BjtniHHe  miuih  m  nocMAyiouiero  repaowecRoro  ctidchmi 
mi  yupNyw  MSROCTb  ctmh  Ct.  3an  h  Ct.  3anAi  |47) 


1 

MapKA  CTAJH 

2 

"3  Coctouhmc 

[)  aM,  npN  TCMntpiTypa,  *C 

r„p,  *C,  npa 
°'1< 

<  J  «T  ■M/CMt 

+20 

0 

-20 

-40 

Ct.^kh 

6 

ropuMeMTiiiuA 

m 

0,4 -6,5 

0+—  20 

10,1 

6,0 

1,2 

-16 

/  7 

3nKfl^cimi4A 
c  680-700*  C 
d  noAc 

7,9-16,4 

3,7-12,5 

0,9-10,1 

« 

1 

IO 

© 

04 — 20 

11,2 

HI 

0,9 

-6 

9 

SaKaJiemiufi 
c  680-700°  C 

B  BOA* 

h  cocrapeHHuA 
b  TcseHHe  4  h 
npH  60-70*  C 

1,6-12,5 

1,1-10,7 

0,6-3, 1 

0.5-1, 0 

o+-i  40 

9,1 

4,9 

1.3 

0.7 

+io 

0 

\ 

10 

Ct.  3kiiA< 

5 

ropBMeKITBHblA 

6,4-13,1 

7,0-10,9 

5,0— $,4 

0.6 — 6,9 

-20+ -40  • 

.  9,6 

9,0 

6,4 

3,7 

-35 

6 

3aKBAeHHuA 
c  680—700*  C 

7,4-17,6 

6,4-12,4 

0,7-11,3 

0,4-6, 1 

\ 

0+— 20 

B  BOje 

f 

11.1 

8,7 

6,3 

1,8 

-10 

9 

3lKaACHHUA 
c  680-700°  C 

B  BOA* 

h  cocTapeHHuA 

B  TBMBHHC  4  H 
npw  60-70°  C 

3,9-11,4 

0, 6-6.9 

* 

0,5—2,' 

0.$-6.7 

+20+  +  IO 

7,5 

,  3,4 

1.1 

l.l 

+  15 

s 

11  ripMMtitiiMa;  I.  Rah  mcc/iuoukh*  npMMeaaaN  Jiaer  tmihhhoA  12  mm. 
2.  B  'meant**,  aihu  nptataw,  ,  a  imiimhitm*  cpeAimc  iHi'eatm. 
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Key  to  page  32 

1)  influence  of  quenching  and  subsequent  thermal  aging  on 
impact  strength  of  steels  St.  3kp  and  St.  3kpAs  [^7] 

2)  steel  type 

3)  material  state 

*0  an,  kg*m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  an  <  3  kg»m/cm2 

6)  hot-rolled 

7)  quenched  from  680-700°C  in  water 

8)  St.  3kp 

9)  quenched  from  680-700°C  in  water  and  artificially  aged  for 
4  hours  at  60-70°C 

10)  St.  3kpAs 

11)  Notes.  1.  A  sheet  12  mm  thick  was  used  for  the  studies.  2. 

The  limits  are  given  in  the  numerator,  and  the  average  values 
in  the  denominator. 
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15  rop*MeK«TaHhift 

8,8-12,5 

N 

7 

8  - 
o 

0,25 

16  3aKajieHHhift  c  930°  C 

15,7- 

9.5 — 1 1.2 

10,0 — 

■  xoaoahoA  BOAt 

17,5 

11.4 

17  3aKaAeHHhiAc930°C 

b  xoaoahoA  boas  h  ot- 

15,2- 

6,2-11,4 

10,6- 

nymeHHuA  npH  600”  C 
b  TeqeHHe  8  h 

17,5 

11,2 

18  npNM(<i«MN«:  I.  XHMmetKH*  coctii  ctirr  Ct.  3kii.  %:  0,19  C;  0,t4  Mn;  caeAW  SI; 
0,017  P,  0,033 S. 

2.  Run  rcc*«aomhrA  (iphimhi/ih  brct  tmikrroA  40  mm. 

3.  npMMAtRH  HRRkMakRIM  R  MIRCRMIRkRkM  IRHCRNR  M„,  onpCAeRCHHIM  R«  nonepMHUX 

(4pnui. 


Key  to  page  34 

1)  influence  of  thermal  hardening  on  impact  strength  of  steel 
St.  3kp  [55] 

2)  article 

3)  type  of  treatment 

4 )  an,  kg»m/cm2,  at  temperature,  °C 

5)  80  x  80  *  10  mm  angle 

6)  hot  rolling 

7)  quenching  from  870°C,  holding  for  25  minutes  and  cooling  in 
water 

8)  hot  rolling  (before  hardening) 

9)  rod  33  mm  in  diameter 

10)  quenching  from  870°C,  holding  for  50  minutes  and  cooling  in 
water 

11)  influence  exerted  by  heat  treatment  and  strain  aging  on  im¬ 
pact  strength  of  steel  St.  3kp  [57] 

12)  state  of  steel 

13)  before  aging 

14)  after  strain  aging 

15)  hot-rolled 

16)  quenched  from  930°C  in  cold  water 

17)  quenched  from  930°C  in  cold  water  and  tempered  at  600°C  for 
8  hours 

18)  Notes.  1.  Chemical  composition  of  steel  St.  3kp,  X;  0.19  C, 
0.54  Mn,  traces  of  Si,  0.017  P,  0.033  S.  2.  A  sheet  thick¬ 
ness  of  40  mm  was  used  for  the  studies.  3.  Maximum  and  mini¬ 
mum  values  of  an  as  determined  on  transverse  specimens  are 
presented. 
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1  tjHiNMHC  OTnycni  m  McxiMMstcKoro  CTAptMMR  TtpMMHccNH  ynposNf hhoA  CTiJiM  Ct.  3k n  hi  yjupnyM  mikoctk  (36] 


t 

2  PtXNM  TtpMNKKCKoi  oOptOOTKI 

3  •„ 

.  kT ■m/cm’.  npK  TtMittpiType, 

•C 

"TJ - 

7.P--C 

+» 

-50 

-30 

—40 

g 

-eo 

-70 

-80  1 

i 

—to 

— too 

<■«< 

<  3  «f  M/CM*) 

* 

5  ,  Ho  HOKAtna 

6  3pk«jiki  c  900*  C  a  »o*e  6es  omyCKi 

14.0 

— 

9.0 

— 

6,3 

8.6 

7.4 

5.5 

4.5 

3.4 

-107 

7  To  me,  e  noc/teayioimiM  omycKOM  b  tcsc- 
hm  2  <i  npN^ai^MMHWx  TeimepaTypax,  *C: 

•  15,2 

12,4 

7,7 

7.2 

7.0 

.6.5 

0,75 

1.0 

300 

14.8 

— 

12.7 

— 

9.0 

8.1 

7.1 

6.3 

5.1 

0.6 

-90 

400 

i6,3 

— 

13,3 

— 

9.2 

8.7 

7.7 

5.7 

4.2 

4.6 

-108 

500 

15,1 

— 

10,5 

— 

8.2 

7,4 

7.2 

-  6.3 

4.3 

5.0 

-120 

600 

17.3 

— 

12,2 

— 

7,6 

7.4 

6.9 

1.7 

1.2 

0,5 

-74 

670 

15,0 

— 

9,8 

— 

7.6 

1.2 

0.6 

0.3 

0.2 

0.2 

-57 

8  riOCAt  10%-HOM  HOK Atria 

• 

6  3bkmki  c  900*  C  ■  Bojie  6ex  omycKi 

8.3 

6,3 

5,3 

5,5 

4.8 

4.6 

3.6 

— 

— 

— 

—77 

7  To  mc,  c  noc.ieay»uiHM  omycKOM  ■  twc- 
mnc  2  <1  npM^BMMSHUx  TeMnepaiypax,  *C: 

10.1 

6,3 

5.3 

5,1 

4.7 

4.1 

3.2 

300 

9.0 

6.2 

5,8 

5.0 

3.7 

3.3 

1.0 

— 

_ 

— 

-65 

400 

8.9 

5.9 

5.2 

4.8 

4.1 

3,7 

3.5 

— 

_ 

— 

— 

500 

10.1 

6.7 

5,7 

6,2 

5.4 

4.7 

4.2 

— 

— 

— 

-90 

600 

10.1 

7.1 

5,8 

5,7 

5.0 

4.6 

2.0 

-- 

— 

— 

-63 

.670 

11,5 

7,0 

5,5 

2,0 

1.1 

0,8 

t 

0.5 

— 

— 

-35 

-36- 


Key  to  patre  3 6 


lj  [nflupncf  of  tciripr  r  i  nr,  arc  I  strain  a"lmr  of  heat-hardened 
steel  ft.  7,kf  mi  Inpacl  strength  [r>C  ] 

<3 )  heat  treatment 

3)  an,  kg«m/cm2,  at  temperature,  °C 
*0  tkr,  °C  (an  <  3  kg.m/cm2) 

5)  before  work  hardening 

6)  quenching  from  000°C  in  water  without  tempering 

7)  same,  with  subsequent  tempering  for  2  hours  at  various  tem¬ 
peratures,  °C 

8)  after  10%  work  hardening 


-ri- 


j  npor)r>.i» iitu‘‘ 


2  ‘PCKHM  TCpMMItCKoN  otipafioTKH 


^  aM,  kT ■ m/cm npii  teMncpjiype.  °C 


+20 


-20 


-30 


-40 


-50 


-60 


-70 


-SO 


— 'i0 


-100 


^lr 

'kp1 

laH< 

<J  nf  u  r  „  ’ ) 


5  flocAe  30%-noeo  HaK.iena 


U  SaKaJina  c  900°  C  b  Boae  6e3  oTnycsa 

4,0 

4,0 

3,6 

3,8 

2,6 

1,8 

1.3 

— 

— 

— 

7  To  we.  c  omycKOM  b  TeMemie  2  i  npn 
paaAHMHhix  TeiunepaTypax,  °C: 

200 

5,6 

4,0 

3,7 

3,5 

3,2 

2,7 

1.7 

300 

5,1 

4.0 

3,6 

3,5 

3,2 

2,7 

1,8 

— 

— 

— 

400 

6,5 

4,7 

4,0 

4,3 

3,7 

3,2 

3.1 

— 

— 

— 

500 

4,6 

4.0 

3,2 

3,5 

3,2 

2,2 

1,7 

— 

— 

- 

600 

5,8 

4,6 

4,5 

3,6 

2,5 

2,3 

2.1 

— 

— 

— 

670 

5.5 

3,7 

2,3 

2,0 

0,8 

0,5 

0,2 

- 

— 

— 

8  flocAe  40%-hoio  HaK.iena 


6  3aKajiKa  c  900°  C  b  Bo^e  6e3  omycKa 

5,4 

4,0 

3,6 

3,5 

3,3 

2,3 

1,9 

— 

— 

- 

7  To  we,  c  omyCKOM  b  Te'iemie  2  i  npii 
pas.iHHHbix  TeiwnepaTypax,  ,°C: 

200 

•  4,7 

3,5 

3,3 

3.5 

2,5 

2.1 

1.3 

300 

5,8 

4,2 

3,4 

4,0 

3.2 

2.8 

1.4 

- 

— 

400 

5,0 

4,0 

3,5 

3.7 

2.9 

1.8 

1.7 

— 

_ 

_ 

500 

5,0 

4,1 

3,8 

3,5 

2,5 

1,6 

1,5 

— 

— 

— 

600 

5,2 

4.6 

4,1 

3,6 

2,3 

2,3 

2.5 

— 

— 

— 

670 

6,3 

3.5 

2,5 

2,0 

1.1 

0.25 

0,2 

— 

9  npHKMiHHi:  I.  Xhmhm'ckhA  coct.b  CTaJiH.  %:  0.18  C:  0.38  Mn;  0.07  SI;  0.022  S.  0.018  P.  0.013  Al. 
2.  p, An  hccjicaoiihhA  npHUCHBAH  JIHCT  TOJiuiHHofl  18  mm  (ofipamu  noncpcmi hie). 


—51 


-52 

-49 
—  43 
-25 


-49 


— 5 1 

-46 

-41 

-21 


Key  to  page  38 


1)  continued 

2)  heat  treatment 

3)  an,  kg*m/cm2,  at  temperature,  °C 
*0  tkr,  °C  (an  <  3  kg*m/ cm2 ) 

5)  after  3 0 55  work  hardening 

6)  quenching  from  900°C  in  water  without  tempering 

7)  same,  with  tempering  for  2  hours  at  various  temperatures,  °C 

8)  after  4 0 %  work  hardening 

9)  Notes.  1.  Chemical  composition  of  steel,  0.18  C,  0.38  Mn, 
0.07  Si,  0.022  S,  0.018  P,  0,0^3  Al.  2.  An  18-mm  sheet  thick¬ 
ness  (transverse  specimens)  was  used  for  the  studies. 
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1  yjupMaa  ••skoctw  Ct.  3,  noa.eprHyToA  crapcHHio  (43) 


2  Mipai  ct.ah 

B 

4  8m  O0P40OTKN  AO  cripoaai 

9  <|,  «r npK  TtMneparypt.  *C 

6  V*c 

+» 

-20 

-40 

n  a  < 

3  "epej 
u<  2  *r ■m  cu’ 

9  MCt.  Sen 

12 

10 

ripOKATKl  a  TOpHieM  COCTOaHHH 

5,5— 7.0 

6,0 

1. 6-2.1 

1.8 

i 

— 

-10 

-10 

12 

ll3iKMKa  c  890°  C  a  aofle,  c  nocneay- 
ioiuhm  omycKOM  a  TeaeHHe  2  «  npH 
550*  C 

11,0-13,7 

12,3 

8,0-11,5 

10,2 

5,0-10,5 

7.2 

12 

Haute  — 40 

12 

HH*e  —40 

_  3  MCt.  3kh 

,  i 

12 

10 

ripOKITKA  B  ropAMCM  COCTOAHHH 

0,8- 1,9 

1.1 

1 

— 

.  14 

Bwuie  +20 

14 

Bwuie  +20 

B 

n  10 

rlpoKiTKA  a  rop.Mew  coctohhhh 

0,6-0, 6 

0.6 

— 

— 

14 

Bwuie  +20 

14 

Bwuie  +20 

1 

l]3aKiAKa  c  890s  C  a  aoae  c  nocjieay- 
kkuhm  omycKOM  a  TeaeHHe  2  a  npn 
550*  C 

8, 1-8,6 

8,3 

.  — 

— 

— 

♦ 

15  KCt.  3cn 

12 

n  •  1° 

ripoKATKa  a  ropaaeM  coctohhhh 

■■ 

1. 8-2.2 
2.0 

— 

-10 

-10 

12 

16 

3ik»hki  c  890  C  a  aoae  a  TeaeHHe 

2  a  npH  550*C 

5, 9-7.6 
6.6 

5.9-6, 9 
6.4 

0,5— 5.6 

2.6 

-30 

12 

Haute  — 40 

-40- 


Key  to  page  40 


1)  impact  strength  of  St.  3  subjected  to  aging  [43] 

2)  steel  type 

3)  sheet  thickness,  mm 

4)  type  of  treatment  prior  to  aging 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  tkr,  °C 

7)  anmin’  *  2  ke*m/cm2 

8)  a„  ,  <  2  kg«m/cm2 

nsred 

9)  MSt.  3sp 

10)  hot  rolling 

11)  quenching  from  890°C  in  water  with  subsequent  tempering  for 
2  hours  at  550°C 

12)  below  -40 

13)  MSt.  3kp 

14)  above  +20 

15)  KSt .  3sp 

16)  quenching  from  890°C  in  water  for  2  hours  at  550°C  [sic] 


2  lUpil  CTMI 


4  Baa  oOpaSoraa  no  crapcaaa 


9  KCt.  3ku  10' 

12  ripoKiTKa*  B  rOpBMCM  COCTOIHHH 


1*5  •f^*/**1*  nP*  teiinepaType.  *C 


0.7-1. 3 
0.9 


6  7_d.  *C 


12  3aKa/nca  c  890°  C  ■  Boae  c  nocnexy-  7q_ii3  |  6—8  0 

nmHM  omycKOM  b  tcochhc  2  x  npH  — : — — 1_ 

550*  C  ;  9.5 


12 


13  I.  XujiuucKUi  caemst  enuuti.  % 


2  Mapci  craan 


1 7 Cm  am 
0.24 

1?C«BM 


1  Q  f.  npaueaaaa  oOpamu  Tana  I  n°  rOCT  0454—60. 

I.  Crapaaaa  aaajiaMaJioca  a  pacraaMaaa  aa  10%  a  aarpcaaaaa  a  Tcneaae  aaca  npa  250*  C. 
4.  Crua  KCr.  Sen  a  KCt.  Jan  aun/iaaaenu  a  aoaaepnpc  c  acpaaaa  npoayaoa  aacnopoaoa. 
•  aaCJBTCJit  npaa«A<au  nptienu,  a  a  aaancaaTcac  cpcaaae  aaaaaaaa  yjapaoB  aaiKocra. 
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1)  continued 

2)  steel  type 

3)  sheet  thickness,  mm 

4)  type  of  treatment  prior  to  aging 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  tkr,  °C 

7)  anmln>  <  2  k&'m/cm2 

8)  an  ,  <  2  kg*m/cm2 

usred 

9)  KSt .  3kp 

10)  hot  rolling 

11)  quenching  from  890°C  in  water  with  subsequent  tempering  for 
2  hours  at  550°C 

12)  Notes. 

13)  1.  Chemical  composition  of  steels,  % 

14)  MSt.  3sp 

15)  MSt.  3kp 

16)  KSt.  3sp 

17)  traces 

18)  none 

19)  2.  Type  I  (according  to  GOST  9454-60)  specimens  were  used. 

3.  Aging  consisted  of  10£  elongation  and  heating  at  250°C 
for  1  hour.  4.  Steels  KSt.  3sp  and  KSt.  3kp  are  smelted  in  a 
converter  with  overhead  oxygen  blow.  5.  The  limits  are  given 
in  the  numerator,  and  the  average  impact  strength  values  in 
the  denominator. 


1  »«PHA«  aanocTk  Muuibi koihctoA  ctmh  MCt.  3an  [40J 


2 

noay+jSpiiK.T* 

35 

Z 

n 

Hinpaanemia  aupttaa 
oOpaitioa 

.  a  .  «r ■M/CM*. 
2  " _ 

npa  TCHnrpoType,  *C 

+30 

D 

-30 

—40 

-60 

1 

7  ripoAOJibiioe 

14.0 

10,8 

8,6 

3,7 

0.30 

6  lUncvuep 

K tm  in 

3*  nonepemioe 

8.4 

l 

6,7 

■\ 

5.4 

3.0 

0,32 

(ctoAki) 

0 

7  npoAOJibHoe 

12,3 

9.4 

5,8 

0.8 

0.3 

g  floncpcMHoe 

7.6 

4,9 

3,6 

0,68 

0,28 

9  npxMiiic.  ,  ,,■ 

i  U  XuMuirtnui  cotmat  cmaAU,  •/, 


m 

■n 

SI 

Mn 

s. 

P 

As 

i 

i 

op 

*o3 

1  1 
oo 

o»o 

Hg 

0,46-0.40 

0,45-0,40 

0.037  —  0.031 
0.054-0.050 

0.040-  0.019 
0.017-0.013 

0.13-0.13 

12  IV.  CiofiCTia  caapitui  cosahhshhA 

1 1  MexaawwcxMe  caoAcraa  csipHoro  cocihhchhb  ctmh  BCt.  San 
(caapaa  McaipoaoM  0MM5)  [30) 


li|  Mruu 

n^i 

l6  , 

*r /um* 

18  a, 

kT-m/cx* 

OchobhoA  19 

+20 
'  -183 

43,9 

79,4 

32,2 

73,7 

13,6 

0,74 

Hanaaamaauft  20 

+20 

-183 

41.8- 

45,4 

— 

14,0 

0/47 

L  llpiamiii.  XaMaaecaal  coctii  ctmh,  %:  0.15  C  0,088  SI;  0.61  Mn;  0,061  P; 
I.0US. 


2  2  yaapnaa  aasaocTb  caapnoro  cociHHCHHa  ctmh  MCt.  S  h  BCt.  S 
(caapaa  aacaTpoxoM  yOHM-13/55)  |29) 


23  ya*P»»«  »»»KocTb  aM.  tr-m/cm • 

2^  Temwptrypi 

acawraiaa.  *C 

25  MCt.* 

26  BCt.  3  (a mct  Toantmiol  13  mm) 

■ijipes  no  ocHosaouy  ^ 
MtTftjuty  nonepcK  uim  c 

0 

18 

2,7-13,8 

10 

2,9-4, 2 

3.4 

-10  ' 

16 

7,5-15,7 

1,8-4, 8 

11.4 

3,8 

-14  U- 
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1)  impact  strength  of  arsenic  steel  MSt.  3kp  [40] 

2)  type  of  semifinished  product 

3)  melt 

4)  direction  of  specimen  notching 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  No.  30  channel  (column) 

7)  lengthwise 

8)  crosswise 

9)  Note. 

10)  chemical  composition  of  steel,  % 

11)  traces 

12)  IV.  Properties  of  welded  joints 

13)  mechanical  properties  of  joint  welded  in  steel  BSt.  3kp 
(welding  with  0MM5  electrode)  [30] 

14)  metal 

15)  temperature,  °C 

16)  av»  kg/mm2 

17)  at>  kg/mm2 

18)  .an,  kg*m/cm2 

19)  base 

20)  weld-on 

21)  Note.  Chemical  composition  of  steel,  Jf:  0.15  C,  0.088  Si, 
0.51  Mn,  0.061  P,  0.018  S. 

22)  impact  strength  of  Joint  welded  in  steel  MSt.  3  and  BSt.  3 
(welding  with  UONI-13/55  electrode)  [29] 

23)  impact  strength,  a.,,  kg»m/cm2 

24)  test  temperature,  yC 

25)  MSt.  3 

26)  BSt.  3  (12-mm  sheet  thickness) 

27)  notch  along  weld  axis 

28)  notch  in  base  metal  across  weld 
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npexhAXCHUt 


1 


3  VAApIta*  BA3KOCTI.  0,, ,  M/CM • 

2  Tfxncp.irypn 

HcnuTAima,  *C 

4  MCi.  3 

5  BO.  3  (JIIICT  TOJlUlHIloA  12  At) 

b 

NtApes  no  ocm  tuti 

^  1 

MlApCj  IIO  OCH  III  DO  l 

Nixpea  no  ocnoBMony 
(uertAJiy  iioncpeK  iuba 

-20 

M.5 

0,fi  — 14,9 

1. 0-3,0 

-30 

13,0 

7.7 

0,8-11,3 

1 .6 

-40 

-50 

fi.O 

6.5 

8,7 

1,8-15,7 

9,1 

0,8-12,5 

© 

7  ^  i 
©  °  1 
© 

_ _ 1 _ 

-60 

5.5 

4,1 

0,6-9, 7 

2,8 

0,5-0, 7 

0,6 

8  Apa  KMI  NK  >:  I.  XhmhacckhR  coctaa  CTaJiH.  %:  0,12  C  0,25  SI.  0.41  Mn;  0.03  Cr; 
0.052  P:  0.039  S;  0.0207  0,;  0,0202  N,.  » 

2.  B  9HCJIMTCJIC  AAR  M  nprA«/IU,  1  A  IHAMCttATeJie  —  epCAHHe  JMAMCMHA  yAApHoO  AA3KOCTH. 


9/VjiapHaa  aasaocTb  caapworo  uiaa  ctaah  MCt.  3, 

*  nojvMCMNoro  pyiHoi  aaeaTpocMpaoA  nopouiaoaoA  npoaoaoaoA  n 11-AH3  [25] 


11  TOJmBBB 

JIBCTI.  MM 

10  tr-m/CM*.  npa  TennepiType,  *C 

+20 

-20 

—40 

-50 

+20  (nocJie  1 
AcxyccTAtHHoro 
CTipCNMA) 

i 

16 

13,9-18,6 

16,0-18,7 

7,6-13,6 

0,6-8, 0 

,  12,9-18.6 

17,8 

17,0 

11,0 

6.8 

13.5 

18 

16,4-19,6 

10,8-15,3 

8,9-11,4 

10,2-15,3 

18,2 

13,1 

9,5 

12.7 

13  npiiian.i:  ill 

I.  XuMuvtKui  totmat  cmajii,  % 


IQ  T<wim«n« 

4BCTB ,  MM 

c 

Mn 

SI 

4 

S 

P 

10 

0,17 

0.44 

0.22 

0,019 

0.021 

it 

0,15 

',45 

0.17 

0,035 

0,020 

15  3-  P*«am  rriMiai  iiumAJKi  a  10%-aol  At+opMAiuN  picraKtaacii  c  noen«Ay*>m«x 

oTflycioM  np«  250*  C  *  t»aaaa«  2 

J.  OOpuuM  auptuau  no  acarpy  ani. 


✓ 
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1)  continued 

2)  test  temperature,  °C 

3)  impact  strength,  an,  kg*m/cm2 

4)  MSt.  3 

5)  BSt.  3  (sheet  12  mm  thick) 

6)  notch  along  weld  axis 

7)  notch  in  base  metal  across  weld 

8)  Note.  1.  Chemical  composition  of  steel,  0.12  C,  1.25  Si, 

0.41  Mn,  0.03  Cr,  0.052  P,  0.039  S,  0.0207  0*,  0.0202  N2 .  2. 
The  limits  are  given  in  the  numerator  and  the  average  impact 
strength  values  in  the  denominator. 

9)  impact  strengtn  of  steel  MSt .  3  weld  obtained  by  manual  elec¬ 
tric  welding  with  PP-ANZ  powdered  wire  [25] 

10)  an,  kg*m/cm2,  at  temperature,  °C 

11)  sheet  thickness,  mm 

12)  (after  artificial  aging) 

13)  Notes. 

14)  1.  Chemical  composition  of  steels,  % 

15)  2.  The  aging  procedure  consisted  of  10%  deformation  by  elon¬ 
gation  with  subsequent  tempering  at  250°C  for  2  hours.  The 
specimens  are  notched  along  the  center  of  the  weld. 
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2  Mlpx*  CTIII 


MexammecKiie  cioSctu  caapHoro  uiaa, 
noayMeHNoro  mMyaanMMTHwecKoA  canpaoA 
npoaoMKoA  311317  (20rCK)TCe)  [31 1 


52,3—56,5 


51,3-55,8 


53,3 


Ij  oT,  itr/MH ' 

% 

*.  % 

36,0-40,3 

14,6-23,6 

24,9-36,0 

38,9 

17,8 

30,1 

30,0-46,1 

14,7-21,9 

30,6-41,2 

37,8 

17,4 

38,4 

35,4-40,7 

15,2-21,0 

30,6-36,0 

37,8 

18,9 

33,2 

8  npodo/UKtHUt 


2  Mipua  crux 


5  Cr.  3  • 

6  Ct.  3nc 

7  Ct.  3kh 

• 

10  np.NMM..: 

] 


2  Mipua  CTI/IM 


9  flH 

*r ■m/cm',  npa  rcmtepiTypi,  *C 

+20 

-20 

*  -40 

• 

'  5,2-7,25 

2, 1-3,5 

1,75-3,5 

6,5 

2.7 

2,5 

o 

i 

o 

b> 

1,0— 3,5 

1.7-2,75  i 

6,5 

2,3 

2,1 

3,75-6,6 

1,75-3,4 

1,25-2,25 

5,0 

2,5 

1,3 

11  I.  XumuuckuH  cocmat  eirumi,  % 


Mn 

A! 

0,65 

0,54 

— ' 

0,38 

0,17 

TOJIUlHNOa  I  0,22 

O.IS 


0,20  0,80  ,1,12  0,45  0,17  0,105  0,008  0,012 


I  Nca  I  Til  •  xi  xu  npuiiu,  i  a  laimaimi  —  cpuhrc  jh*«nhi  yaapxoA  iijkocth. 
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1)  mechanical  properties  of  weld  obtained  by  semiautomatic 
welding  with  EP317  (20GYuTSe)  wire  [31] 

2)  steel  type 

3)  ov,  kg/mm2 

4)  at,  kg/mm2 

5)  St.  3 

6)  St.  3ps 

7)  ST.  3kp 

8)  continued 

9)  an,  kg*m/cm2,  at  temperature,  °C 

10)  Notes. 

11)  1.  Chemical  composition  of  steels,  % 

12)  12-mm  sheet  thickness 

13)  traces 

14)  EP317  wire 

15)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact  strength  values  in  the  denominator. 


1  y«ipHA«  BHSKOCTfc  UIBO»  CTAJ1H  Ct.  9,  IKMiyMCHIIMX  BBTOMaTHHCCKOA  CNapxoA 

no*  iJwitocoM  AH-348A  npoiojtoxoA  Ci-08  |44| 


3  a„,  *r -m/cm*,  npH  TCMnepiType,  *C 


^ap"**®'  nPM 
<Vjtr-uicM* 


7  MCt.  3cn 

8  MCt.  3kii 

9  KCt.  3cn 
10  KCt.  3kh 


11,8-12,9  7,3—13,2  5,0-8, 1  2, 8-8, 5  1, 0—4,2 

12,5  9,7  6,7  4,6  2,2 

13,0—14,8  10,9-13,8  4,0-10,5  1.2-6, 4  0,6-2, 2 

14,1  12,4  8,9  3,6  1,4 

7, 2-9, 2  6, 0-7, 2  5, 1-8,8  1, 6-5.9  0,6-1, 2 

8,0  6,5  6,6  4,0  0,8 

11,0—13,2  9,2-12,5  1, 5-7,1  0,9-5, 3  1, 0-3,1 

12,0  11,0.  5,1  3,9  1,7 


PHKMlKHII! 


I.  XuMuiecKuH  cocmai  cmaAei,  % 


15*.  Ctijin  KCt.  3cn  m  KCt.  3an  aunnauienu  ■  xoHaep-rep*  e  aepxHKM  npo«y»on  RHcaopoaoM. 
>.  flax  Rccfleaoaaaxa  npaMCRaaM  jihct  tojiiuhho*  12  mm\  mflpej  a  nempe  maa. 

•4.  B  aacJiNTCJie  *aau  npejwiu,  a  iHamaaTtvie  —  cpc*hhc  aHaxeHK*  y*apao*  aaaKocTN  uiaa. 


16  VxapHM  aaaxocTa  uiaa,  noay'WHHoro  aaTOMaTHsecaoA  caapaoA 
no*  <|miocom  JI-S  npoaoaoKoA  Ca-08  [26] 


3  aH,  nr •  m/cm* ,  npa  Teaneparype,  *C 

-,  7  CocToaaae  noaepxaocTa 
■i  I  caapaaacuux  xpouox 


]_8  HncTue 


19  (loKpuTue  pwaaHHHoA  (1  t  Ha 
100  MM  lUBa) 


10,9-12,5 

11,8 


11,1-20,7 

13,6 


7,7-8, 7 
-  8,3 


.  11  n. 


I.  XuMWiMKut  cocmai  cmaAu,  % 


20  MetrfW 

2JL  Ocaoaao* 
pp  Uiaa  e  aacro*  upon- 

no* 

2  3  Uiaa,  noKpuTuA  pxua- 
aaaoft 

dH  npoaoaoxii  Ca-08 


__  •  t.  Aaa  Nccacaoaaaal  npaMtaajiH  ahct  tmikrhoI  14  mm  (aaapca  a  uearpa  uiaa). 

'  dj  I.  B  bucjrtm*  *aau  npcaeau,  ■  ■  aaaMcaaTMC  -epa*axa  aaaaaaaa  y*apao*  a 
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1)  impact  strength  of  steel  St.  3  welds  obtained  by  automatic 
welding  under  AN-348A  flux  with  Sv-08  wire  [44] 

2)  steel  type 

3)  an,  kg*m/cm2,  at  temperature,  °C 

*0  tkr,  °C,  at  anjnln  <  2  kg»m/ cm2 

5)  weld  metal 

6)  base  metal 

7)  MSt.  3sp 

8)  MSt.  3kp 

9)  KSt .  3sp 

10)  KSt.  3kp 

11)  Notes. 

12)  1.  Chemical  composition  of  steels,  % 

13)  traces 

14)  none 

15)  2.  Steels  KSt.  3sp  and  KSt.  3kp  melted  in  a  converter  with 
overhead  oxygen  blow.  3.  A  sheet  12  mm  thick  was  used  for 
the  studies;  notch  in  center  of  weld.  4.  The  limits  are 
given  in  the  numerator,  and  the  average  impact  strength 
values  of  the  weld  in  the  denominator. 

16)  impact  strength  of  weld  obtained  by  automatic  welding  under 
L-5  flux  with  Sv-08  wire  [26] 

17)  condition  of  weld  toes 

18)  clean 

19)  rust-covered  (1  g  per  100  mm  of  weld) 

20)  metal 

21)  base 

22)  weld  with  clean  toe 

23)  rust-covered  weld 

24)  Sv-08  wire 

25)  2.  A  sheet  14  mm  thick  (notched  in  the  center  of  the  weld) 
was  used  for  the  studies.  3.  The  limits  are  given  in  the 
numerator,  and  the  average  impact  strength  values  in  the 
denominator. 


1  Bjhbhhc  caipKH  mi  Mopoje  Hi  yaipHyto  aisiocTk  mu  cti4h  Ct.  San, 
iHMyneNHoro  utomithmcckoA  caxpxoA  [32] 


4  a  ,  rf-M/tM *,  np»  TeMnepiType  hciiutihh*,  *C 


fW  3 

«■  *  CoCTOlHM 

&?  5  oapimoa 

|*t 

H  e  3 


+15  rfiLie  9,5-11,3  B, 6-1 1,0  7,1 -9,9 

CBipKH  10,4  9,9 


-50  -30  -50  -05 


2,2-73 


6 

riotne 

tCTecTBen- 

Horo 

S  6,5— 6,9  5, 9-6, 2  6, 3-7, 4  4, 7-5, 3  2, 2-4, 4 

Tpex  JieT  7,7  ®>0 

npt:  TeM- 


7,7— 8,3  6, 6-8, 7  6, 2-6,6  3, 2-6, 6  1,2-2, 2  1,9-2, 5 


8,0  7,6  6,5  5,2  1,8  2,2 


ecrecTBeH- 

Horo 

"JjJJJJJ  7, 4-8,0  6, 6-7, 4  6, 2-7, 4  2, 8-5.3  5, 3-5, 6 


Tpex  JieT 
npH  Ten- 


r 
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1)  influence  of  welding  in  the  cold  on  impact  strength  of 
steel  St.  3kp  weld  obtained  by  automatic  welding  [32] 

2)  plate  temperature  before  welding,  °C 

3)  specimen  condition 

5)  an,  kg-m/cm2,  at  test  temperature,  °C 

5)  after  welding 

6)  after  natural  aging  for  three  years  at  temperature  of  +20°C 

7)  (at  -50°C) 

8)  after  strain  aging 

9)  (at  -45°C) 
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1  fl podOAMtHllt 


4  a„.  xr-M/tM*.  npa  TCMneparype  NcmtTaaaa,  *C 


3 

CoCTO*NM« 

oOpasitoa 


—50  5  no4ae  s 

MexaHH*  6,5— 7,5  4,4 — 4,8  4,7— 6,0  2,2— 5,0 

•wcRoro  7^  4?  5|6  3j~ 

CTspemia 


6  npi 


Y  I.  XumumtxuC  roc  mot  rmatrd,  % 


8  Mapaa  craaa 


9  Ct.  3an  . 

i  n  Sunarpoaaaa  poaoaoKi  Al 


Hi.  OasoeTopoaaal  utoa  no*  #dmw  AH-340  aoayaaa  a  ptayatTatt  taapn  a aero*  to*- 
mM  u  mm. 

3.  ■  ucartM  xaau  npaaeau,  a  ■  auwiaiut  —  cp**aa*  Hawaii  yxipaol  aaaaocra. 


SI 

Mn 

0.01 

0.02 

0.30 

0.35 

12  ywrm  aimers 

rms  aa  ctajm  Ct.  8  (MIS)  a  Ct.  laa  (MISaa), 

caap« 

hhi  a  epeae  yraoaacaora  rasa  (52] 

Mapaa  npaatiMi 


•  17 

Ca-oerpA 

.{fca-oeracA 


Ct.  3an 
19  (M16ui) 


7  Ca-08rCA 


xT-m/tM*.  npa  Taamaparypa,  *C  ^"h'' 

nocM  aaaa-15 


erapaaaa  npa 
Xt-M/CM * 


10—12  5-7 

12—14  8—10 

13  9 


11—13 


P  O  n—13  6—12 

O  Ca-0er2CA  — jj—  — g — 


20  npaaaaiaaa:  I.  Maxaaaaecaoa  crapeaa*  aaa*i 
aarpaaaaaa  apa  SM*  C-fe  raaaaaa  aaca. 

t.  >  aacaataaa  ,«aau  npawain.  a  a  aaaaaaaraaa  —  cpi 


at  a  pacraiaaaaa  aa  10%  a 
i  aaaaaaaa  yxapaot  aaaaocra. 
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1)  continued 

2)  plate  temperature  before  welding,  °C 

3)  specimen  condition 

4)  an,  kg*m/cm2,  at  test  temperature,  °C 

5)  after  strain  aging 

6)  Notes. 

7)  1.  Chemical  composition  of  steels,  % 

8)  steel  type 

9)  St.  3kp 

10)  A1  electrode  wire 

11)  2.  One-sided  weld  obtained  by  welding  sheets  16  mm  thick 
under  AN-348  flux.  3.  The  limits  are  given  in  the  numerator, 
and  the  average  impact  strength  values  in  the  denominator. 

12)  impact  strength  of  steel  St.  3  (Ml8)  and  St.  3kp  (Ml8kp) 
welds  formed  under  carbon  dioxide  shield  [52] 

13)  wire  type 

14)  an,  kg#m/cm2,  at  temperature,  °C 

15)  weld  impact  strength  after  strain  aging  at  +20°C,  kg*m/cm2 

16)  St.  3  (M18) 

17)  SV-08GSA 

18)  SV-08G2SA 

19)  St.  3kp  (Ml8kp ) 

20)  Notes.  1.  Strain  aging  consisted  of  10?  elongation  and  heat¬ 
ing  at  250°C  for  an  hour.  2.  The  limits  are  given  in  the 
numerator,  and  the  average  impact  strength  values  in  the 
denominator. 


1  yjupNaa  aasROCTb  caapawx  cocxhhchhA  ctmm  Ct.  3«n, 
x  aaaywaNux  caapnoA  aacroa  toxihiihoA  20  mm 
a  cpeae  yraexacaoro  rasa  (53] 


2  Caocofl  cMpxa 


3  MllpICl  npOBOAORN 

MAM  MICRTpOJia 


6  naayaaTOMaTR<wcKaa 


9Pyanaa 


+io 


5  Hadpeo  noctpedune  uita 

7  Ca-IOrC  10.2 

g  Ca-CKra  12,0 


10  UM-7  10,4 

i;LyOHH-l3/45  14,7 


<i„.  Kr-M/tM*,  npx  TCMncpirype,  *C  ij 


-20  -40  -60 


10,2 

7.7 

6.8 

3.8 

2.6 

12,0 

9.3 

7.5 

5,5 

2.5 

10,4 

8.8 

7.2 

5.5 

1.0 

14.7 

10,0 

6.9 

6.5 

1.0 

12  Hadpes  ofipavta  no  xm  mepMuwcxrwo  oaumhum 
6  noavaaTOMaTaaecRaa  I  7  Ca-IOFC  I  11,3  |  8,8  I  7 

8  Ca-oerac  12.0  9,0  s 


M.3 

8.8 

12.0 

9.0 

13.5 

14.7 

13.9 
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1)  impact  strength  of  welded  steel  St.  3kp  Joints  obtained  by 
welding  sheets  20  mm  thick  under  carbon  dioxide  shield  [53] 

2)  welding  method 

3)  type  of  wire  or  electrode 

4)  a n,  kg*m/cm2,  at  temperature,  °C 

5)  notch  in  middle  of  weld 

6)  semiautomatic 

7)  Sv-IOGS 

8)  Sv-08G2S 

9 )  manual 

10)  TsM-7 

11)  UONI-13/45 

12)  specimens  notched  along  weld-metal  zone 

13)  an,  kg«m/cm2 

14 )  temperature,  °C 

15)  Fig.  1.  Change  in  impact  strength  of  steel  St.  3  as  function 
of  method  of  melting  and  purity  [27] 

16)  steel  type 

17)  method  of  melting 

18)  curve  number 

19)  element  content,  % 

20)  MSt.  3 

21)  open-hearth 

22)  BSt .  3 

23)  Bessemer 
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1 

n 


Pite.  2.  yflopiinH  nHaKncTk  crn/iii  MCr.  3xn 
<0.18%  C:  0,42%  Mn;  SI  —  cacau; 

0,034%  SI;  0,035%  P)  ■  S  A  D  MCK  MOCTH  OT 
TcpUIIICCKOfl  OOptCOTNM  H  TCMnCpaTypw  HC- 

hutaiiha: 

/  —  rncTomme  nocrnoKH  (ropBOPKATaiiAii); 
2  —  AAKa/ioiia  c  000*  C  m  ornyiiiriia  npx 
600*  C.  Ha  npyTKA  ahbmctpom  12  mm  bhpo- 
•oh u  KpyrAue  haapcjuiihuc  oOpaauu:  D  - 
—  10  mmi  dn  m  6  mm;  r.  ™  I  mm;  I  —  54  mm 
•  [46] 


■X  -iO  • 60  - 60  -100  -IX 
3  Ttnnepamype'C 


1  tutto/tti* 

M,  F — i — 1  — 

[{ 

20 - -V-*  - 

\  ~ 

°  *20  0  -20  -*0 

o  Ttnntpamypa’C 

a 

6  Pkc.  3.  Hsmphphhp  va<Ph 


1  Barmen* 

u 

n\ 

t 
6 

1 

2 


• 20  0  -20  -m 

o  TtnWamypa’C 

b 


Pkc.  3.  HaueHCHHe  vabphoA  bmkocth  ahctob  toaiuhhoB  12  mm  hi  cnoKoftHoA 
MCt.  3  h  KHnamefl  MCt.  3xn  CTaae*: 

O  —  ■  OTOJKJKCHHOM  COCTOKHHHl  9  —  nOCAB  HeXailHKeCKOTO  CTOpPHHK  [45). 
MexaHHiecKOC  CTipcHHe  aikaiokaaoci.  •  pactxkchmh  ki  10%  h  ctopchhk  npw 

260*  C. 


y  XkmhbcckhII  COCT1B  CTO  AH, 
8  CriJib 


MCt.  3 
MCt.  3kh 


0,40  0,040 
0,42  0,040 


1  BtSOt/CH* 


2  1111 _ i _ i _ I— 

*20  *20  0  -20  -20  -30  -i0 

3  Tenntpamypa'C 


PHC.  4.  B/IHHIIHC  TOKS  H  T6XH0A0THH  ABTO- 
MOTHHeCKoft  CBapKH  Ha  yAapHyio  butkoctb 
UIBOB  CTBAH  MCt.  3  (HeCOCTapCHItblX),  BUnOA- 
nghhmx  np«  TeMnspaType  —35”  C: 

/  —  AOyCTOpOHHHH  CBB  pKa  nOCTOHHHUM  TO- 
kom  npoBOAoKoll  Cb-08  noA  <|>aiocom 
AH-348A;  2  —  tok  nepeMeHHhifi,  npoBOAo- 
ka  Cb-08,  <t>A»c  KBC-19;  3  —  tok  nocTOHH- 
huA,  npoBOAOKA  CB-10T2,  4>akk  AH-348; 
4  —  TOK  nOCTORHHblA,  npOBOAOKA  Cb-08. 
<)>apoc  AH-348;  5  —  tok  nepeMtHHuB,  npo- 
bmoki  CB10T2,  4miioc  AH-348;  I  —  tok 
nepBMCMHut,  npoBojioKo  .  Cb-08,  $abc 
AH-348  [46] 
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1)  an,  kg»m/cm2 

2)  Fig.  2.  Impact  strength  of  steel  MSt.  3kp  (0.18/C  C,  0.42%  Mn, 
traces  of  Si,  0 . 034%  Si  [sic],  0.035JC  P)  as  function  of  heat 
treatment  and  test  temperature.  1)  as-delivered  state  (hot- 
rolled);  2)  quenched  from  900°C  and  tempered  at  600°C.  Cir¬ 
cular  notched  specimens  cut  from  rods  12  mm  in  diameter: 

D  =  10  mm,  dn  =  6  mm,  rn  =  1  mm,  1  *  54  mm  [463 

3)  temperature,  °C 

4)  MSt.  3 

5)  MSt.  3kp 

6)  Fig.  3.  Change  in  impact  strength  of  killed  steel  MSt.  3  and 
rimmed  steel  MSt.  3kp  sheets  12  mm  thick,  a)  in  annealed 
state;  b)  after  strain  aging  [45].  Strain  aging  consisted  of 
10%  elongation  and  aging  at  250°C. 

7)  chemical  composition  of  steel,  % 

8)  steel 

9)  traces 

10)  Fig.  4.  Influence  of  current  and  automatic  welding  technique 
on  impact  strength  of  steel  MSt.  3  welds  (unaged)  made  at 
temperature  of  -35°C.  1)  Duplex  direct-current  welding  under 
AN-348A  flux  with  Sv-08  wire;  2)  alternating  current,  Sv-08 
wire;  KVS-19  flux;  3)  direct  current,  Sv-10G2  wire,  AN-348 
flux;  4)  direct  current,  Sv-08  wire,  AN-348  flux;  5)  alter¬ 
nating  current,  Sv-10G2  wire,  AN-348  flux;  6)  alternating 
current,  Sv-08  wire,  AN-348  flux  [48], 


*20  *10  0  -10  -20  *20  *10  0  -10  -20  -30  -40  -SO 

2  Tcnneoamypt'C  2  Ten n e pa  my  pa ‘C 


o  Phc .  6.  yaaptia*  mjKocrh 

Mrtnpan  anroMariiwx  itinoa 

craAii  MCt.  3.  BbinoAHf  mm  ux 
■  oaiih  c-nolt  hi  noAMMBAKr 
nncrnmiHUM  tokom  noA  4>Ato- 
com  AH-348  npM  TBMfifparype 
mftbaab  +15  M  — 35*  C  (ofi- 
pimu  CMTjpeHHM*).  Tewnt- 
p*Typa  Mfraa/ia,  *C: 

.  / - 35  <C»-I0r2);  2  - 

4-13  (Cb-08):  3 - 35 

(Ca-05);  4  -  -20  (Cb-08) 

(48  J 


4  Phc.  6.  yAapHaa  BxsKncTk  mctba- 
n  a  aBTOHMTMhix  umoa  ctbjih 
MCt.  3,  ahinoAHPHHux  c  Aayx 
CTOpoH  HA  nocTOHHHOM  TOKf  flpO- 
BoaoKoft  Cb-08  noA  <J>ax>com 
AH-348  (o6paxuu  cocraptHHue). 
TeMnepaTypa  Merapfla  bo  apex* 
caapKM,  *C: 

/ - 20  (hb  ctbhab);  2 - 20 

(hb  yjtMiie);  3  —  —  35;  4  — 

4-10  [48] 
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1)  an,  kg»m/cm2 

2)  temperature,  °C 

3)  Fig.  5.  Impact  strength  of  metal  in  steel  MSt.  3  automatic 
welds  made  in  one  layer  on  backing  with  direct  current  under 
AN-348  flux  at  metal  temperatures  of  +15  and  -35°C  (artific¬ 
ially-aged  specimens).  Metal  temperature,  °C:  1)  -35  (Sv- 
10G2 ) ;  2)  +15  (Sv-08);  3)  -35  (Sv-08);  4)  -20  (Sv-08)[48]. 

4)  Fig.  6.  Impact  strength  of  metal  in  steel  MSt.  3  automatic 
welds  made  on  two  sides  with  direct  current  under  AN-348 
flux  with  Sv-08  wire  (artificially-aged  specimens).  Metal 
temperature  at  time  of  welding,  °C:  1)  -20  (on  stand);  2) 

-20  (on  ground);  3)  -35;  4)  +10  [48], 

5)  depth  of  specimen  notch,  mm 

6)  radius  of  specimen,  mm 

7)  Fig.  7.  Impact  strength  of  wide-strip  (20  *  40  mm)  killed 
steel  MSt.  3  (0.17*  C,  0.57*Mn;  0.19*Si,  0.1*Cr,  0.07*Cu, 
0.032*P,  0,045*S)  as  function  of  test  temperature  and  depth 
of  specimen  notch  (notch  radius  of  0.1  mm)  [12], 

8)  Fig.  8.  Impact  strength  of  wide-strip  (12  x  470  mm)  rimmed 
steel  MSt.  3kp  (0.21  C,  0.79*  Mn,  traces  of  Si,  0.045*  S, 
0.05*  Cr,  0.11*  Cu,  0.026*  P)  as  function  of  test  tempera¬ 
ture  and  notch  radius  [12], 
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Key  to  page  62 

1)  an,  kg»m/cm2 

2)  temperature,  °C 

3)  Fig.  9.  Impact  strength  of  wide-strip  (20  *  440  mm)  killed 
steel  MSt.  3  (0.17?  C,  0.57?  Mn;  0.19?  Si,  Q.l?  Cr,  0.07?  Cu, 
0.032?  P,  0.045?  S)  as  function  of  test  temperature  and  radius 
of  specimen  notch.  Notch  radius:  1)  2  mm;  2)  1  mm;  3)  0.5  mm; 

4 )  0.1  mm  [ 12] . 

4)  Fig.  10.  Impact  strength  of  steel  MSt.  3kp  (0.20?  C,  0.40?  Mn, 
traces  of  Si,  0.03?  Cr,  0.13?  Cu,  0.028?  P,  0.054?  S)  as 
function  of  test  temperature  and  notch  radius.  Notch  radius: 
1)  0.1  mm;  2)  1  mm  [12], 

5)  Fig.  11  Impact  strength  of  wide-strip  (12  *  470  mm)  killed 
steel  BSt .  3  (0.16?  C,  0.7?  Mn;  0.16?  Si,  0.05?  Cr,  0.13?  Cu, 
0.051?  P,  0.040?  S)  as  function  of  test  temperature  and  notch 
radius.  Notch  radius:  1)  2  mm;  2)  1  mm;  3)  0.5  mm;  4)  0.1  mm 
[12]. 
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1)  an,  kg«m/cm2 

2)  test  temperature,  °C 

3)  critical  brittleness  temperature,  °C 

4 )  Fig.  12.  Change  in  impact  strength  of  steel  MSt.  3kp  (0.17%  C, 
0.515?  Mn,  0.039 %  P,  0.022)?  S,  0.03)?  Cr,  0.075?  Cu,0.l8j?  As, 
traces  of  Si)  as  function  of  test  temperature  with  specimen 
widths  of:  1)  4  mm;  2)  8  mm;  3)  16  mm.  Notch  depth  of  2  mm, 
notch  radius  of  1  mm  [39]. 

5)  specimen  type 

6)  o kg/mm2 

7)  specimen  failed 

8)  specimen  did  not  fail 

9)  50.5  kg/mm2 

10)  Fig.  13.  Critical  brittleness  temperature  of  steel  St.  3  as 
function  of  specimen  type  according  to  GOST  9454-60:  1)  Longi¬ 
tudinal  in  as-delivered  state;  2)  transverse  in  as-delivered 
state;  3)  longitudinal  after  aging;  4)  transverse  after 
aging  (type  I,  II,  III,  J.V  specimens  according  to  GOST  94j54- 
60.  Tk  is  the  critical  temperature  determined  from  an;  T$ 

is  the  critical  temperature  determined  from  plastic  deforma¬ 
tion  of  notched  specimen;  T^  is  the  critical  temperature 

determined  from  the  percentage  of  viscous  component  in  speci¬ 
men  fracture  surface.  Critical  temperatures  determined  as  505? 
of  the  values  of  the  characteristics  at  +20°C)  [42], 

11)  22.6  kg/mm2 

12)  number  of  cycles 

13)  Fig.  14.  Fatigue  curves  of  steel  St.  3kp  (0.15)?  C,  0.51%  Mn, 
0.0885?  Si,  0.018/?  S,  0 . 06l%  P)  in  initial  state  at  tempera¬ 
tures  of  +20  and  -183°C.  Smooth  cylindrical  specimens  10  mm 
in  diameter:  1)  +20°C;  2)  -l83°C  [33]. 
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1)  ai,  kg/mm2 

2)  kg/mm2 

3)  specimen  failed 

4)  specimen  did  not  fail 

5)  number  of  cycles 

6)  Fig.  15.  Fatigue  curves  of  steel  St.  3kp  in  initial  state  at 
temperatures  of  +20,  -75  and  -l83°C.  Circular  specimens  with 
notch,  diameter  of  9  mm  at  notch,  notch  angle  of  20°.  See 
Fig.  14  for  composition  of  steel:  1)  +20°C.;  2)  -183°;  3) 

-75°  [333. 

7)  Fig.  16.  Fatigue  curves  of  coarse-grained  steel  St.  3kp  on 
smooth  specimens  10  mm  in  diameter  (solid  curves)  and  on 
grooved  specimens  (broken  curves)  [33].  Heat  treatment: 
annealing  at  1250°C  for  3  hours,  slow  cooling  in  furnace  for 
50  hours.  See  Fig.  14  for  composition  of  steel. 

8)  Fig.  17.  Fatigue  curves  of  St.  3  weld  metal  at  temperatures 
of  +20  and  -183°C:  1)  -183°C;  2)  +20°C  [34]. 
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2  I.  Cbohctbh 


CTa/ib  Ct.  3C 
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1)  steel  St.  3S 

2)  I.  Properties  at  +20°C  according  to  GOST  5521-50 

3)  chemical  composition 

4)  element  content,  % 

5)  in  rimmed 

6)  In  killed 

7)  not  above 

8)  traces 

9)  mechanical  properties 

10)  steel 

11)  <*t»  k8/mm2 

12)  av,  kg/mm2 

13)  not  below 

14)  plate  and  wlde-strip 

15)  plate 

16)  16  for  thickness  and  2  and  2.5  mm 

17)  3  and  3.5 

18)  3.75  mm 

19)  Application  -  used  in  shipbuilding 

20)  II.  Mechanical  properties  at  low  temperatures 

21)  impact  strength  of  rimmed  steel  St.  3S  sheets  [49] 

22)  sheet  number 

23)  an,  kg*m/cm2,  at  temperature,  °C 

24)  tkr,  °C 

25)  above  +20 

26)  below  -30 

27)  Notes.  1.  Chemical  composition  of  steel,  %:  0.16-0.22  C, 
0.42-0.45  Mn,  traces  of  Si.  2.  A  sheet  14  mm  thick  was  used 
for  the  studies. 
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1)  influence  exerted  by  hardening  and  subsequent  thermal  aging 
on  impact  strength  of  steel  St.3S  sheets  12  mm  thick  [47] 

2)  material  state 

3)  an,  kg*m/cm2,  at  temperature,  PC 

4)  t^j,,  °C,  at  an  <  3  kg»m/cm2 

5)  hot-rolled 

6)  quenched  from  680-700°C 

7)  quenched  from  680-700°C  and  artificially  aged  at  60-70°C  for 
4  hours 

8)  Note.  The  limits  are  given  in  the  numerator,  and  the  average 
impact  strength  values  in  the  denominator. 

9)  steel  St.  4 

10)  I.  Properties  at  +  20°C  according  to  GOST  380-60 

11)  chemical  composition,  f 

12)  steel  type 

13)  group  B 

14)  group  V 

15)  not  above 

16)  open-hearth  steel 

17)  MSt.  4 

18)  VSt.  3 

19)  MSt.  4kp 

20)  VSt,  3kp 

21)  Bessemer  steel 

22)  BSt .  4 

23)  Bst .  4kp 
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1 m  II.  MexaHHiecKHa  CBOHCTBa  np«  hhbkhx  TBMirpaTypax 
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1)  mechanical  properties 

2)  steel  type 

3)  kg/mm2  (not  below)  by  rolled-thickness  categories 
*0  av,  kg/mm2 

5)  group  A 

6)  group  V 

7)  not  below 

8)  open-hearth  and  Bessemer  steel 

9)  St.  4 

10)  VSt.  4 

11)  St.  4kp 

12)  VSt.  4kp 

13)  Application  -  for  production  of  marine  boilers,  as  well  as 
lightly  loaded  parts  (shafts,  axles,  etc.). 

14)  II.  Mechanical  properties  at  low  temperatures 

15)  influence  of  hardening  and  subsequent  thermal  aging  on  impact 
strength  of  steels  St.  4kp  and  St.  4kpAs  [47] 

16)  material  state 

17)  an,  kg*m/cm2,  at  temperature,  °C 

18)  tkr,  °C,  at  an  <  3  kg*m/cm2 

19)  hot-rolled 

20)  quenched  from  680-700°C  in  water 

21)  quenched  from  680-700°C  in  water  and  artificially  aged  at 
60-70°  for  4  hours. 

22)  St.  4kpAs 

23)  Notes.  1.  Sheets  12  mm  thick  were  employed  for  the  studies. 

2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 
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1)  III.  Properties  of  welded  joints  at  low  temperatures 

2)  impact  strength  of  welded  joints  in  steel  St.  4  (experimental 
melts)  [50] 

3)  steel  type 

4)  sheet  thickness,  mm 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  specimen  notched  in  center  of  weld 

7)  specimen  notched  in  weld-metal  zone 

8)  manual  electric  welding 

9)  St.  4  (0.18/6  C) 

10)  automatic  welding 

11)  St.  4  (0.25%  C) 

12)  Notes. 

13)  1.  Chemical  composition  of  steel,  % 

14)  2.  A  type  UONI  13/^5  electrode  was  used  with  manual  welding, 
and  an  SV-08A  wire  and  OSTs-45  flux  with  automatic  welding. 

3.  The  limits  are  given  in  the  numerator  and  the  average 
impact-strength  values  in  the  denominator. 
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1  yj.ipn.ia  iflJKOCTb  iiiBon  cramt  Ct.  4  (M21), 
CB.ipCMIlUX  B  yr.ieKIICJIOM  me  |.r>2| 


MapKa 

fj|(1  *1'  m  c m*.  np 
TfMnrp.nypc.  ®C 

Vflipjt.in 
j  im.mocTb 
Him  riocac 

J  npooo/io- 

KM 

f  20 

-20 

1 

•1w 

CKorn  fT.ipe  • 
h it *?  np»i 

20°  C , 

*r -m/cm 1 

Co08rCA 

10-13 

7-9 

1  ii  -  R 

6-8 

12 

8 

7 

7 

Cb  08r2CA 

12-13 

7-9 

7. 5 -8, 5 

5-7 

12,5 

8 

8 

6 

flpKMetiHHN:  I.  MexammecKoe  CTaprwie 
MKania/IOCk  B  paCTBIKClIHH  111  10%  H  HirpfBIHHIl 

npa  250*  C  B  Ttaenat  qaca 

2.  B  BHCJIHTBJie  ABHU  npCAcaU,  I  B  SHlMfll  BTefle  — 
CpeAHHC  3HlRf HHH  yAipHOfl  BB3KOCTH . 


<-  a„,afH/enl 


Q  Pnc.  I*.  yflapn.iR  niijKocTh  era- 
an  Ct.  4nn  n  coctobmiih  nocraii- 

KM.  JlilCTM  TOJIIIIHIIoA  16  H  16  MM 

HMcaH  caeAytoiuiifl  khmumpckhD 
cocrnn,  %:  0.24-- 0.26C;  0,53  — 
0,60Mn;  SI  —  tapflki;  0,039  — 
0.043P;  0.0 1 1  — 0.034S  [61] 


2 


aM,Krn/cnl 


10 

Phc.  19.  yAapKBB  BiaKocTk  caapHUX  iubob  ctiah  Ct.  4,  bu- 
noJiHCHKux  i  cpfA'  yraeKHcaoro  ran  npoio/ioKoA  Ca-IOTC. 

X  1  XuMUHtcKUi  formal  emmu,  % 


^  2  MeTlAA 

C 

Mn 

SI 

s 

P 

OchobhoA  ..... 
IlpoaoaoKH  Ca- lore 

0,23 

0,11 

0,45 

1.04 

Bl 

0,038 

0,030 

0.024 

0,030 

JllCTU  TOniUHHoA  12  MM  C  V-0<5pi3HoA  pl3Ae/IKO#  KpOMOK  CBB* 
3  <5  Pkbbah  B  All  npoxofli  164] 


16  da/ib  Ct.  4C 

% 

17  I.  CBofidBa  npM  +20°  C  no  T0CT  5521—50 

18  XhmhhcckhA  cocTaa,  % 


Mn 

s 

P 

c 

2 1  h«  Oo/iee 

0,18-0,27 

0,4— 0,7 

0,12—0,35 

0,05 

0,05 
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1)  impact  strength  of  steel  St.  4  (M21)  welds  formed  in  carbon 
dioxide  gas  [52] 

2)  an,  kg«m/cm2 

3)  wire  type 

4)  an,  kg*m/cm2,  at  temperatures,  °C 

5)  impact  strength  of  weld  after  strain  aging  at  20°C,  kg  m/cm2 

6)  temperature,  °C 

7)  SV-08GSA 

8)  SV-08G2SA 

9)  Fig.  18.  Impact  strength  of  steel  St.  4kp  in  as-delivered 
state.  Sheets  15  and  16  mm  thick  had  the  following  chemical 
composition,  %:  0.24-0.26  C,  0.53-0.69  Mn,  traces  of  Si,  0.039- 
0.043  P,  0.011-0.034  S  [51]. 

10)  Fig.  19.  Impact  strength  of  steel  St.  4  welds  formed  in  car¬ 
bon  dioxide  medium  with  Sv-IOGS  wire. 

11)  chemical  composition  of  steel,  % 

12)  metal 

13)  base 

14)  Sv-IOGS  wire 

15)  sheets  12  mm  thick  with  V-trlmmed  edges  were  welded  in  two 
passes  [54] 

16)  Steel  St.  4S 

17)  I.  Properties  at  +20°C  according  to  GOST  5521-50 

18)  chemical  composition,  % 

19)  in  rimmed 

20)  in  killed 

21)  not  above 

22)  traces 
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]  MexaHHnecKHe  CBoflctea 


2  CopT.lweilT 

1 — 3 - i 

|  i’j,  kT/mm • 

- - i - : 

0B,  Kr/MU*  |  6„,  % 

fl.,  % 

5  no  Mcnce 

6  TOACTOAIICTOBaH  H  lillipO- 
KonoAociian 

\ 

24 

42-44 

45-48 

49-52 

21 

20 

IS 

25 

24 

23 

7  TOHKOAHCTOBaH 

— 

42-52 

8  14  npn  To/imHiie  2  h 

2.5  MM\ 

9  15  ripH  mnuiHiie  3  h 

3.5  MM\ 

1016  npn  toaiuhhc 

3,75  mm 

11  HaixaUHUi  —  npHuenmoT  b  ci'aoctjiociihh. 


12  II.  MaxaNMHecKHe  cBOHCTBa  CTansK  npM  hhskhx  TennepaTypax 

n  MHiiiiMaAniuc  anaieimit  yAapHOH  baikoctm 
1j  cnoKOMHOH  «  KHnsineA  ctmh  Ct.  4C  149) 


[  I|  Mapica  ctbah 

TojlIUHHa 

|l6  °h’  hF-m/cm1;  npH  Tcuncp»Type,  *C 

V  'c 

17 

J1HCTA 

MM 

15 

1 

j  -20 

—40 

6,2 

5,6 

4,8 

3,5 

19 

HHwe  —40 

1 8  Ct.  4Ccn 

13 

C,3 

6,2 

5,7 

5,0 

»  -40 

6,7 

6,6 

5,6 

5,3 

a  —40 

7,2 

0,97 

0,61 

0 

«• 

7,1 

_ 

0,87 

0,5 

0 

20 

'  Ct.  4Cnn 

12 

5,9 

5,1. 

1 

0,8 

0,5 

-10 

> 

6,4 

3,1 

0,8 

0,8 

-10 

• 

8,1 

5,7 

1,5 

-10 

t 

6,1 

— 

0,4 

0,4 

0 

41 
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1)  mechanical  properties 

2 )  grade 

3)  at,  kg/mm2 

4)  av,  kg/mm2 

5)  not  below 

6)  plates  and  wide-strip 

7)  sheets 

8)  14  with  thickness  of  2  and  2.5  mm 

9)  15  with  thickness  of  3  and  3.5  mm 

10)  16  with  thickness  of  3.75  mm 

11)  Application  -  used  in  shipbuilding 

12)  II.  Mechanical  properties  of  steels  at  low  temperatures 

13)  minimum  impact  strength  values  of  killed  and  rimmed  steel 
St.  4S 

14)  steel  type 

15)  sheet  thickness,  mm 

16)  an,  kg*m/cm2,  at  temperatures,  °C 

17)  tkr,  °C 

18)  St.  4Ssp 

19)  below  -40 

20)  St.  4Skp 


N 

]  sanaami  h  nocacnyiomero  TepMH'iccKoro  cTapcHHa 

ha  yAapuyio  BmKocTb  ctraii  Ct.  4C  |47| 


-5 

X  • 

Cocromiiic 

,'j  n|(.  kT-m/cm',  npii  TCMnppaTypc.  *C  • 

W  °C 

5  ripH  n, 

lie  MCHCC 

3  kT  •  M / CM  * 

>  22 
*  u 

0  X 

h  «; 

M.itrpiiaJin 

420 

0 

-20 

-40 

12 

hllcXOAHUrt 

5;l — 10.4 

3, 6-6,5 

3. 1-5,6 

0,5—1." 

-20  -f-  -60 

7,4 

5,3 

4,2 

3,^ 

-35 

12 

y  3aKa.ncmibiH  c 
680-700°  C  .  . 

1 

6.4— 8.7 

4, 0-6, 6 

3, 7-5, 4 

0,6-5, 1 

— 20-5 — 50 

7.4 

5.4 

4,8 

3.9 

-35 

12 

8  3aKaacmibirt  c 
680  -700°  C  11  co- 
CTapcmihift  npii 
60—70°  C  n  tcic- 

ime  4  <(  .... 

5,7-8, 6 

4,6-6, 1 

3, 6-5,0 

0,9-4, 9 

-20+ -60 

7.6 

5,4 

4,3 

3.7 

—40 

40 

9  3aKaaciniurt  c 
870 -880°  C  h  ot- 
nymemiwfi  c670°C 

14,4-17,1 

10,9-11,9 

-20 

50 

lCTTo  we  .... 

13,3-16,3 

— 

— 

9,6-12,3 

-10 

40 

1  ]3aKajicmibiH  c 
870-880°  C  h  ot- 
nymeiiHbift  c690°C 

14,7-15,5 

9,0-10,1 

-20 

50 

10To  i«e  .... 

13,9-16,1 

— 

— 

9,9-11,5 

-10 

12  n  p  «  h  c  h  a  h  h  m  I.  XhmhicckhR  coctii  ctbah  ahctob  tojuuhhoR  40  h  SO  mm,  %:  0.18  G 
0,25  SI;  0.59Mn;  0,020  S;  0,030  P. 

2.  B  BHCJiHTt/ie  a»hu  npcAe^w,  a  ]KaM«HaTCAC  —  cpfflHne  jitaMCiiHB, 


13(ll.  CBOiiCTBa  CBapHwx  cobahhbhmm  np«  hhskmx  reMnepaiypax 


li]  yaapHa*  a»3Kocib  uiaoa  ctbah  Ct.  4C,  nanyMCHHux  caapnoA  . 
■  cpeae  yraeKHcnoro  rasa  npoiaaoxoA  MapKH  Ca-08r2C  |50] 


1  9M«cto  aupeiKB  a  HiApcia  oOpastu 

16oh,  ■ M/CM *,  npH  TtMnepaType,  *C 

+20 

-40 

Y(  Mob  c  HaapesoM  no  ueHTpy  uiea  .  .  . 

9,5 — 14,7 

11.2 

5, 4-6, 9 

6,3 

18  OchobhoA  Meiaaa,  Haapes  b  aone  TepMH- 

teCKOrO  BAHBHHH . 

12,2-14,2 

13.1 

5, 3-8, 4 

7,4 

19  npaueaiHaa:  I.  CaapHaiAH  akctu  tojuukhoR  14  mm. 

2.  B  iHCJiNTeat  a«hu  npcaeau,  a  iHaiMMiTMe  —  epexNKe  aHaaeima  yAipxoR  b»jkocth. 


Key  to  page  80 

1)  influence  of  hardening  and  subsequent  thermal  aging  on  impact 
strength  of  steel  St.  4S  [47] 

2)  sheet  thickness,  mm 

3)  material  state 

4)  an,  kg‘m/cm2,  at  temperature,  °C 

5)  t^j,,  °C  at  an  not  below  3  kg*m/cm2 

6)  initial 

7)  quenched  from  680-700cC 

8)  quenched  from  680-700°C  and  artificially  aged  at  60-70°C  for 
4  hours 

9)  quenched  from  870-880°C  and  tempered  from  670°C 

10)  same 

11)  quenched  from  870-880°C  and  tempered  from  690°C 

12)  Notes.  1.  Chemical  composition  of  sheet  steel  40  and  50  mm 
thick,  %:  0.18  C,  0.25  Si,  0.59  Mn,  0.020  S,  0.030  P.  2. 

The  limits  are  given  in  the  numerator,  and  the  average  values 
in  the  denominator. 

13)  III.  Properties  of  welded  Joints  at  low  temperatures 

14)  impact  strength  of  steel  St.  4S  welds  produced  by  welding  in 
carbon  dioxide  medium  with  type  Sv-08G2S  wire  [50] 

15)  location  of  cut  and  notch  of  specimen 

16)  an,  kg*m/cm2,  at  temperature,  °C 

17)  weld  with  notch  centered  along  weld 

18)  base  metal,  notch  in  weld-metal  zone 

19)  Notes.  1.  Sheets  14  mm  thick  were  welded.  2.  The  limits  are 
given  in  the  numerator  and  the  average  impact-strength  values 
in  the  denominator. 


]  CTa/ib  Ct.  5 

Z  I.  CBoiicTBa  npH  4-20°  C  no  TOCTy 

Xhmhhcckhm  COCTaB,  % 


9  CoAepwaHMe  J.ieweHTOB,  % 

U  MapKt 

M  CTIJII 

c 

SI 

Mn 

|  Cr 

Ni 

Cu 

k* 

s 

6  rocT 

• 

I  7  It  Co.iee 

8  MCt.  5 

0,28-0,37 

0,15-0,35 

0,50-0,80 

0.3' 

0,3 

0,3 

0,045 

0.055 

3 '0—60 

9  BCt.  5 

0,17-0,30 

0,15-0,35 

0,50-0,80 

0,3 

0.3 

0.3 

0,080 

0,060 

rpyina  B 

I  \ 

10  MexaHimecKiie  caoficTBa 


MapKt  CTBJ1H 

-  ..  0T,  xr/MM 1  He  lienee  no  paapa 
aim  TOflmHKhi  npoxata 

12 

°g.  Kr/MM' 

A...  % 

A..  % 

6  rocT 

i 

2 

3 

13  «e  «e«ee 

50-53  . 

>7 

21 

14  Ct.  5 

28 

27 

26 

54-57 

16 

20 

380-60 

58-62 

15 

19 

15  Tpynna  A 

i 

16  HasHCHtHut  —  unn  hstotob/ichh b  A*Ta/iea,  He  noAaepraioimucH  caapne  —  (JuaHuu,  rpySHbie  peuieTKH,  6o.uu.  mnn.-imii  c  paBoiefl  TeMne- 
paTypoft  ao  —30"  C. 


I 
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1)  Steel  St.  5 

2)  I.  Properties  at  +20°C  according  to  GOST 

3)  chemical  composition,  % 

4)  steel  type 

5)  element  content,  l 

6)  GOST 

7)  not  above 

8)  MSt.  5 

9)  BSt.  5 

10)  mechanical  properties 

11)  a-t*  kg/mm2  not  below,  by  rolled  thickness  categories 

12)  av,  kg/mm2 

13)  not  below 
1H)  St.  5 

15)  group  A 

16)  Application  -  for  production  of  components  not  subject  to 
welding  —  flanges,  tube  grids,  bolts,  and  threaded  studs 
with  operating  temperatures  down  to  -30°C 


1  II.  MexaHH>iecKH9  CBoiicToa  npH  hm3khx  TeMnepaTypax 

2  (IpOHHOCTb  CTaJlil  Ct.  5  npH  paCTHWCHHH  [361 


3  COCTOKHK*  MlTCpIlia* 

Teuneparypa 
^BClIblTlHHH,  °C 

i  <jb.  *r /mm* 

g  0T.  'tf'/.w** 

6.  % 

<|.  % 

7  TepMHHecKH  o<5pa6oraHHbtft  ahct  to/i- 
IKHHOfl  18  MH . 

+  20 

59.1 

! 

35.6  i 

27.9 

59,4 

— 180 

93,9 

71,7  i 

l 

i 

25.9 

26,5 

8  npmeunt.  Cocmi  ct»ah,  %:  0.32C;  0,63Mn;  0..  ^1;  0.037P;  0.016S. 


9  yflapnau  BSUKOCTb  B  33BHCHMOCTH  OT  TCpMHMCCKOft  OSpa^OTKH 


10  Is  ■ 

SC 

11 

HSACJIHC 

r  3 

CoCTOXHHe 

MaTepua;ia 

12  oH.  Kr-M/CM‘,  npH  T*Mnepatype,  *C 

4  .c 

/Kp.  i., 

npw  oM  < 
<4  kI'-m/cm’ 

•/InTepaTypa 

+20 

-20 

—40 

-60 

-B0 

— 183 

15  Ct.  5 

oOpaCoTaHHbifl 

11-15,2 

12.5 

— 

— 

— 

1,04-1,08 

1,06 

— 

[361 

18. 

npyTOK 
flHa- 
MeTpoM 
16  MM 

a. 

19 

ropHMeKaiaMbifi 

20 

OTOXOKeilHblfl 

2]^HopMaAH- 

30BaHiibiil 

3aKaAeHHbifi  h 
■iTnymeHHbiii 

22 

4, 6-5.2 

4.9 

5, 0-5,5 

5.3 

6.7 

6.7 

10.8 

10,8 

tag 

3.2 

3.2 

3, 2-3, 9 

3.6 

3.3 

3,3 

9.7 

9.7 

1,1 

1.1 

0,8 

0,8 

1.3  . 
i;3 

5.6-6, 5 

6.1 

5,5-6, 0 

5,7 

(nP» 

-100°  C) 

0 

+10 

-20 

2^ 

Home  —100 

n  23 

no  jaHHbIM 
MHCTIIT>Ta 
He4>Te-  h 
yr.iexn.MH- 
qecKoro 

CHHT033 
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1)  II.  Mechanical  properties  at  low  temperatures 

2)  tensile  strength  of  steel  St.  5  [36] 

3)  material  state 

4)  test  temperature,  °C 

5)  ot,  kg/mm* 

6)  av,  kg/mm2 

7)  heat-treated  sheet  18  mm  thick 

8)  Note.  Steel  composition,  %'.  0.32  C,0.83  Mn,  0.27  Si,  0.037  P> 
0.016  S 

9)  impact  strength  as  function  of  heat  treatment 

10)  steel  type 

11)  article 

12)  an,  kg*m/cm2,  at  temperature,  °C 

13)  tkr,  °C,  at  an  <  kg*m/cm2 

14)  source 

15)  St.  5 

16)  18  mm  sheet 

17)  heat-treated 

18)  rod  16  mm  in  diameter 

19)  hot-rolled 

20)  annealed 

21)  normalized 

22)  quenched  and  tempered 

23)  according  to  data  of  the  Institute  of  Petrochemical  and  Coal 
Tar  Synthesis 

24)  below  -100 

25)  (at  -100^ 
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lflpodoAxeMte 


3. 

4 

CoCTOHHHe 

u,  aH.  *r 

■mich*,  npH  inaneparype,  *C 

i 

6  T  *C 

/Kp* 

7 

JIxTepaiypa 

Hsacahb 

MATepm/u 

« 

+20 

-20 

— 40 

-60 

-80 

-183 

npH  aH  < 
<4  kT  m/ CM* 

e 

9  ' 

Apsia- 

Typa 

Jft  18 

10 

Top  AHeKaTaHbiH 

OTOHOKlWlblil 

?IopMa^H- 

SOBaHHblfl 

8,2-9, 8 

9,0 

1.1 — 1.5 

1.3 

1.0-6, 8 

1.2  -3,5 

2  I'" 

0,7 

"(Jr 

0.9  1.7 

0,7-1, 5 
1.1 

0,5 

0,5 

0,6 

0,5 

0,5 

0,2-0, 4 
0.3 

0,5— 0.7 

— 

— 

-20 

•  +20 

+20 

16 

no  AaHHbl.M 
HHCTHTyra 
Hwjrre-  h 
yr.iexHMMMe 
CKOPO  CHM* 

Te3a 

8  »« 

& 

3.0 

1,3 

0,6 

0.6 

13 

-^HopMa-an- 

10,4-12,7 

1  i  ,5 

13,2-20,3 

16,1 

0,8-5, 8 

0,7-2, 7 

0,5— 0.7 

.  1 

0 

\ 

Apiwa- 

Typa 

Jfc  19 

30BaHHbl(l 
h  OTnymeHHbifi 

3aKaaeHKbift  h 
oTnymei^Hbifl 

2,6 

7,3-16,5 

10,6 

1.3 

0.7-4, 2 
2,0 

0,6 

0.7- 1.0 
0.8 

—  . 

— 

-20 

oTnymeiwbifl 

15 


17  nPHHM3HHH: 

I.  XuMUHecKuH  cocmat  cma.iu. 


2  Mapxa  ctaah 

C 

Si 

Mn 

P 

s 

Ct.  5  (jihct  tojiiahhoA  18  mm) . 

0,32 

0,27 

0.63 

0,037 

0,016 

Ct.  5  (npyroK  AnaMeipoM  16  mm)  . 

0,32 

0,17 

0,52 

0,040 

0,04  0 

KCt.  5xn  (apmarypa  K  It  h  M  19)  . 

0.32 

12 

0.58 

0,015 

0.033 

2  3  2.  B  iHCJiHTf^c  AaHbi  npeArou,  a  b  3tiaMcnaTeJie  —  rpcA’nie  aHaqemiK  yAapxoA  ixjkoctii. 
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1)  continued 

2)  steel  type 

3)  article 

4)  material  state 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  tkr,  °C  at  an  <_  4  kg«m/cm2 

7)  source 

8)  KSt.  5kp 

9)  No.  18  reinforcing  bar 

10)  hot-rolled 

11)  annealed 

12)  normalized 

13)  No.  19  reinforcing  bar 

14)  normalized  and  tempered 

15)  quenched  and  tempered 

16)  according  to  data  of  the  Institute  of  Petrochemical  and  Coal 
Tar  Synthesis 

17)  Notes. 

18)  1.  Chemical  composition  of  steel,  % 

19)  St.  5  (18-mm  sheet  thickness) 

20)  St.  5  (rod  16  mm  in  diameter) 

21)  KSt.  5kp  (No.  18  and  No.  19  reinforcing  bars) 

22)  traces 

23)  2.  The  limits  are  given  in  the  numerator  and  the  average 
impact-strength  values  in  the  denominator. 
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1  III.  CbOHCTBB  CBBpMUX  C0BAKH6HHM 

2  McxamiHecKiie  cbomctbh  cH.ipnoro  coepmicmiH  CTaJiM  Ct.  5  (36) 


3  Mctn/wi 

TcMnrn.iTy* 

14  pa,  °C 

mm 

a.  % 

<IU,  *r 'M/CM* 

6 

1  lUmiaiwiemiwil 

-•-20 
— 183 

40,7 

51,9 

12,7 

• 

7,25 

1,20 

8  Cnapnoe  cocfliiiicimo 

+  20 

-183 

i 

42.1 

65,7  j 

8,81 

* 

10,6 

1,19 

Q  n  p  it  «m  a  ii  ii  n:  I .  Cocrnn  crn-mt,  % :  0.32C;  0.27  SI;  0,63Mn;  0.01  CP;  0,037  S. 
2.  Tliictu  toiiiiomoA  18  mm,  conpnnn.nn  pyxiiofl  snrKTpocmpKoR. 


6 


10 


<• 


C,.  tTH/Of* 


khx  TeMnepiTypax  apMiTypHoft  cti-  Ct.  6; 

jih  Ct.  5:  /  —  ropH«K»TiHix;  2  —  nocne  yn- 

I  —  mcxoahoc  cocTOXHHe;  J  —  nen-  '  poxhchhx  pacrnwn hhch  hi  6.6% 
no*  Harpei  (iikihki  4-  ornycK);  11061 

i  —  HHXyKUHOHHU*  HirpCB  (lIKlH- 
ki  +  ornycx)  [106] 


1 
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Key  to  page  88 

1)  III  Properties  of  welded  joints 

2)  mechanical  properties  of  welded  steel  St.  5  joint  [36] 

3)  metal 

4)  temperature,  °C 

5)  av,  kg/mm2 

6)  an,  kg*m/cm2 

7)  weld-on 

8)  welded  joint 

9)  Notes.  1.  Composition  of  steel.  %:  0.32  C,  0.27  Si,  0.63  Mn, 
0.016  P,  0.037  S.  2.  Sheets  18  mm  thick  were  Joined  by  manual 
electric  welding. 

10)  Fig.  20.  Influence  of  heat  treating  on  impact  strength  of 
reinforcing  steel  St.  5  at  low  temperatures.  1)  Initial  state 
2)  furnace  heating  (quenching  and  tempering);  3)  induction 
heating  (quenching  and  tempering)  [ 1 06 ] . 

11)  Fig.  21.  Influence  exerted  by  work  hardening  on  impact 
strength  of  reinforcing  steel  St.  5.  1)  hot-rolled;  2)  after 
hardening  by  5.5!?  elongation  [  106 ] . 


aapyuje 


i 


Key  to  page  90 

1)  an,  kg*m/ cm2 

2)  killed 

3)  semikilled 

i|)  temperature,  °C  ,  .  . 

5)  Fig.  22.  Tendency  of  killed  and  semikilled  reinforcing  steel 
St.  5  to  brittle  fracture,  a)  Open-hearth  production;  b)  con¬ 
verter  production  [1063. 
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Kpumuvec't*  mennepamypa  jrpyrrrocmu , 


a 


1|  Phc.  23.  yAapHio  RRiKOCTk crann  MCt.  5 
(0.32C.  0,59Mn;  0.26SI;  0.029P;  0,0385) 
nOCAe  HOpMlAHiaUHH  ■  3SBHCH MOCTH  OT 
TCMneparypw  McnuTaHH*  h  piAMyci  m<a* 
pea  a  [12] 


7  Phc-  24.  KpHTHRecKH?  TtMnepaTypbi  x py itkocth  ctbah  Ct.  5nc  (/niCTbi  toji- 
mMHoft:  a  —  12  mm\  6  —  40  mm)  b  33Bhch mocth  ot  THna  oCpaaua  no  TOCT 

9454-60: 

/  —  npoAOAbHue  (a  coctohiihh  nocTaaKH);  2  —  nonepexHbie  (b  coctorhhh  no- 
ctbbkh):  3  —  npoflonbHbic  (nocac  cTapoima);  4  —  nonepexHbie  (nocAe  cTape- 
MHR)  (1,11,111,  IV,  V  —  THnu  o6paauoa  no  rOCT  9454  — 60; 
rK  —  KpHTHxecKaa  reMnepaTypa.  onpefle/ieHHaR  no  oH; 

T®  —  KpiiTHRecKaa  TeMnepaType.  onpeAe/ieHHa*  no  nA'.cTHxecKofl  flf<top- 
MauHM  yAapnoro  ofipaaua; 

P®  —  KpuTHaecKaa-  TeMneparypa,  onpeAenenna*  no  npoiWHTy  brskoA  co- 

CTaanaiouiefl  *  HafloMe  yAapnoro  ofipaatia.  KpHTmecKne  TCMnepaTy- 
pu  onpeAeaeny  no  50%  or  BHaxeHH*  xa pa ktcphcth k  npx  +20'  C 
(42 1 


3 
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Key  to  page  9 


1)  an,  kg* c/ cm2 

2)  radius  of  specimen  notch,  mm 

3)  test  tempeiature,  °C 

4)  Fig.  23.  Impact  strength  of  steel  MSt.  5  (0.32  C,  0.59  Mn, 
0.26  Si,  0.029  P,  0.038  S)  after  normalizing  as  function  of 
test  temperature  and  notch  radius  [12], 

5)  critical  brittleness  temperature,  °C 

6)  specimen  type 

7)  Fig.  2*1.  Critical  brittleness  temperature  of  steel  St.  5ps 
(sheet  thickness:  a)  12  mm;  b)  40  mm)  as  function  of  specimen 
type  according  to  GOST  9454-60.  Tv  is  the  critical  temperature 

D 

determined  from  a  ;  T,,  is  the  critical  temperature  determined 

n  k  Y 

from  the  plastic  deformation  of  an  impact  specimen;  Tk  is  the 

critical  temperature  determined  on  the  basis  of  the  percent¬ 
age  of  the  viscous  component  in  the  fracture  surface  of  an 
impact  specimen.  The  critical  temperature  is  determined  as 
50$  of  the  value  of  the  characteristic  at  +20°C  [42.1. 


Cia/ib  08  h  08Kn 


2  I.  CsoflCTBa  npH  4  20°  C  no  TOCT  1050—60 

5  Xhmhhcckh A  cocTai,  % 


5  Coflep*iHMe  s/ie mchtob ,  % 

h  MapKi 

H  CTIJ1N 

c 

Mn 

SI 

k 

s 

wm 

Ni 

Cr 

6  He  60/iee 

7  OSan 

0.05-0.12 

0.25-0.50 

8  He  6o;iee 
0,03 

0,040 

0,040 

0,25 

0,10 

08 

0.05-0,12 

0.35-0.65 

0,17-0,37 

0,040 

0,035 

0,25 

0,10 

II 


HIGH-QUALITY  MACHINE-GRADE  CARBON  STEEL 

High-grade  carbon  steels  produced  in  accordance  with  GOST 
1050-60  are  widely  used  in  all  branches  of  the  machine-building 
industry. 

Light-duty  (axles,  shafts,  fasteners,  flanges)  and  large 
(rims,  gears,  light-duty  springs,  leaf  springs,  etc.)  components 
are  manufactured  from  these  steels  (for  example,  from  steel  50); 
they  are  also  used  for  shaped  castings.  Low-carbon  steels  are 
employed  for  the  production  of  welded  and  drawn  pipes. 

High-grade  carbon  steels  are  used  chiefly  for  products  used 
at  atmospheric  temperatures.  At  subzero  temperatures,  the 
mechanical  properties  are  dependent,  to  a  large  degree,  upon 
carbon  content.  Ultimate  strength,  yield  point,  fatigue  limit, 
hardness  and  moduli  increase  with  increasing  carbon  content  or 
decreasing  operating  temperature.  Plastic  properties  (relative 
elongation  and  necking)  and  impact  strength  diminish  in  this 
case . 


Key  to  Table  on  page  9^ 

1)  Steel  08  and  08kp 

2)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

3)  chemical  composition,  % 

*0  steel  type 

5)  element  content,  % 

6)  not  above 

7)  08kp 

8)  not  above  0.03 
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1  MexnrnmecKiie  caoAcraa 


1 

no 

5  °n 

6  oT 

*.  % 

Map** 

CTI/1H 

3  TrpMIlMCCKAB 

J  oflpaOoTka 

.  kT/mh * 

k 

kT /mm* 

kT / MM 1 

ft  .  % 

m 

lie  6oacc 

0IIC  MCHCC 

Q  08kii 

1  oHopMaAinami* 

131 

30 

18 

35 

60 

08 

1 

33 

20 

33 

60 

pnHfMAHiif.  Tacpiior.h  Anna  aaa  ropaitcKotaiioA  crnAii. 


12  HaiHa'tHiit  —  aa*  nsroTOKAfiniR  cnapnwx  actjacA  m  actoacA  cAomnoA  ijmpMu  mptoaom 
uuioahoA  ujthv noa k ii  c  rAyflohoA  bntbwkoA  hah  MaAOMarpymcmiwx  actsacA  up  11  iiomoiuh  xo- 
aijboA  bhcaakh. 


13  II.  <t>HSNiecKHe  cboActbs  npH  hmskhx  TewnepaTypax 


]_  KOJlM’t'UHtHT  AHHtflHOrO  paCUJHpCHHA  }  ‘j  TtnAOtipOBOAHOCTh  [60] 


—  ■■■■■■■ 

16  llNTtpaiA 
TCMncpaiyp.  *C 

a.  10*. 
1/^pnd 

18 

ZlMTCpa- 

Typa 

TcMt^parypa,  “C 

20 

X,  im/M  tpai 

j 

17 

-195 

23,15 

-255 

6,61 

+20— (—183) 

+  16— (—196) 

9,68 

9,2 

158] 

159) 

21  npHMeiiHHB:  1.  X  H  MHHC  * 
ckhA  coctbb  ctbah,  %:  0,060  0,60Mn:  ' 

0,14  SI;  0.031  P;  0,024  S. 

2.  R/tn  hccabaobihhA  npH mbhbah 

CTBAb  08  nocAi  oTMHra  i,pM  680*  C  a 

TcacHne  30  mum. 

22  HI.  MaxaHHHecKHe  caoHCTaa  npH  hh3kmx  TawnepaTypax 


2  3  flpOHHOCTb  npH  paCTAMCNHH 


1 

MapKi 

CTI/IM 

25 

Bha 

nofly- 

<t>l(5pH* 

•  Kira 

2M 

CoCTONHHe 

MtTepitaju 

32.6 

>>« 

M  X 

n  x 
o.  n 

03  H 

c  3  1 

zh 

5 

°B 

*r /mm* 

» 

6 

°T 

KFi/MM * 

■ 

4> 

% 

08un* 

ripoxaT 

20 

30,3 

22,7 

41,9 

_ 

P7 

-50 

35,4 

32,2 

49,3 

— 

—100 

43,4 

49,3 

21,4 

—* 

[16] 

I  08ko 

IlpoKaT 

_ 

15 

37,8 

28,1 

38,0 

70,6 

I 

27 

39,1 

29,4 

30,0 

74,4 

...Slil 

46,2 

34,5 

34,7 

75,1 

[66] 

-183 

82,2 

2,8 

0,6 

npyTOK 

OtojkjkchhuA 

17 

mm 

_ 

38 

77 

npa  800°  C 

-196 

mm 

— 

8 

6 

.28 

29 

-253 

K9 

— 

0 

4 

[5| 
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Key  to  page  96 


1)  mechanical  properties 

2)  steel  type 

3)  heat  treatment 

4)  kg/mm2 

5)  ov,  kg/mm2 

6)  at,  kg/mm2 

7)  not  above 

8)  not  below 

9)  08kp 

10)  normalizing 

11)  Note.  Hardness  is  given  for  the  hot-rolled  steel 

12)  Application  -  for  production  of  welded  components  and  com¬ 
ponents  of  complex  shape  by  cold  pressing  with  deep  drawing 
or  lightly  loaded  components  by  cold  upsetting. 

13)  II.  Physical  properties  at  low  temperatures 

14)  coefficient  of  linear  expansion 

15)  thermal  conductivity  [60] 

16)  temperature  interval,  °C 

17)  deg"1 

18)  source 

19)  temperature,  °C 

20)  W/m* degree 

21)  Notes.  1.  Chemical  composition  of  steel,  %;  0.06  C0.60  Mn, 
0.14  SI,  0.031  P,  0.024  S.  2.  After  annealing  at  680°C  for 
30  minutes,  steel  08  was  used  for  the  studies. 

22)  III.  Mechanical  properties  at  low  temperatures 

23)  tensile  strength 

24)  material  state 

25)  type  of  semifinished  product 

26)  test  temperature,  °C 

27)  rolled  stock 

28)  rod 

29)  annealed  at  800°C 
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1  flpodo/iMCHue 


2  MftpKi 

CT1JIM 

3 

nuA 

nofly- 

4>a0pH- 

xira 

4 

CocT^nune 

MSTCp  Hfl/1  A 

n 

a  - 
!  >,  K 

1  X  J 

1  C-w 
&  h. 

S2 

4 

kC/mm' 

-I 

Kr/MM • 

■ 

*1 

a 

h 

-> 

a 

i* 

84 

08 

npyTOK 

Or<i>K>KeiMibiA 

17 

37 

23 

3  > 

75 

Q 

npii  c%°  C 

-196 

73 

72 

1 

4 

[5] 

9 

10 

-253 

84 

— 

0 

0 

XI  npiiueiiu  hji: 

12  *  •  XuMiiitcKuil  coctnat  cma.ttC.  % 


fS 

C\ J 

C 

Si 

Mu 

s 

D 

Nl 

Cr 

13  08nn* 

0,05 

mm 

0,017 

0,009 

0.16 

0,04 

1  x  08nn 

0,11 

0,022 

0,016 

0.39 

0,14 

x-)  08 

0,06 

mm 

0,024 

0,031 

— 

14  2.  y  CTiflH  08Kn*  ya.TMMCHMC  flPHO  JH  b„. 


15  Moayjib  HopMajibHoA  ynpyrocTM 


MapK« 

2  CTlflH 

l6  A.  kT /mm*.  npH  TCMnepiType,  'C 

8  h 
4? 

20 

"  -40 

-50 

-80 

-100 

-183 

1 3  08kii* 

1 3  08Kn 

19500 

19  800 

21  200 

20  800 

19  800 

21  300 

21  100 

[61] 

I67J 

X7npHMeM*Hiin:  I.  X  ii  mkmcc  Kti  A  cocrnn  crajirfl  cm.  n  npiiMcqainiH  npeflbiAymcfl  TaC-nmiM. 
2.  An*  hcc.iCbobjhhH  npiiMcHdaH  ropflucKataiibift  ahct  ads  08 k ii •  toaimhiioA  2,5  mm. 


1  8  yflapiian  BA3KOCTb 


n 

_  K  ■ 

,  p  a* 

sc 

CocToaime 

4  MBTCpHAJia 

19  aH.  xr-M/CM *, 

npH  TCMncpaTypc,  *C 

n  8 
a 
t  * 

15 

—40 

-70 

-80 

-100 

-183 

-195 

1  308Kn 

?  nropHHeKaTa- 

HblH . 

15,5 

2,28 

— 

0,45 

— 

0,41 

— 

[661 

08 

2 1  HopMajiH3ooan- 

Huft  npH  950"  .C 

24,07 

9,32 

1,16 

— 

1,01 

— 

0,13 

[681 

12  I.  XuMUHtcKuA  cocmat  cma.iu,  % 


p  MapK* 

CTA/IK 

C 

LSI 

Mn 

S 

P 

Nl 

Cr 

t  08nn 

ij  08 

0,11 

0,03 

0,016 

0.39 

0,14 

0,06 

0.16 

■  ■  1 

0,02 

22  2-  Ann  MccncAoitHH*  ctajih  08  npMM«H«/iH  npytoK  ahimctpom  20  mm. 
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1)  continued 

2)  steel  type 

3)  type  of  semifinished  product 

4)  material  state 

5)  test  temperature,  °C 

6)  av,  kg/mm2 

7)  at,  kg/mm2 

8)  source 

9 )  rod 

10)  annealed  at  890°C 

11)  Notes. 

12)  1.  Chemical  composition  of  steels,  % 

13)  08  kp* 

14)  2.  For  steel  08kp#,  the  elongation  is  given  for  <Sio 

15)  modulus  of  normal  elasticity 

16)  E,  kg/mm2,  at  temperature,  °C 

17)  Notes.  1.  See  the  note  in  the  preceding  table  for  the  chemi¬ 
cal  composition  of  the  steels.  2.  A  hot-rolled  sheet  2.5  mm 
thick  was  used  to  study  08kp*. 

18)  impact  strength 

19)  an,  kg*m/cm2,  at  temperature,  °C 

20)  hot-rolled 

21)  normalized  at  950°C 

22)  2.  A  rod  20  mm  in  diameter  was  used  to  study  steel  08. 


lCTajib  10  h  10wn 


I.  bBOHCIBd  11  pn  -|-£U  It  no  I  III 

5  XiimiimcckiiA  coctab,  % 


lx 

H  *3 
--  *- 
o 

c 

Mil 

SI 

s 

P 

Nl 

Cr 

6  110  fiOACO 

£  10 

6  I0xn 

0,07-0,1 1 
0.07 — 0,14 

0,035 

0,035 

m 

m 

7  MexamiHecKHe  ciOHCiaa 


h  MapK* 

^  craviM 

8 

TrpMHtccKaH  oCpoOoTKa 

9 

HI), 
kT/mm • 
lie  fioAce 

k  r /mm‘ 

11<JT 
Kr/MM * 

«.  % 

*  % 

1  2  He  MeHee 

10 

j_  3  HopMa.noamin 

1  137 

34 

21 

31 

5 

6  10kr 

> 

j  137 

32  * 

19 

33 

5 

]  i|  II  P  II  M  *  1  *  H  II  C.  ToCpAOCTb  Anil'1  AAA  rOpHICKHTailoft  CT8AH . 

1 5  HasHaitHut  —  aah  luroTnciAoiiiiH  actoacH,  TpcOyimuHX  BbicoxoR  (lAacTIIMHOCTM  (rpyfiKH, 
npoKAMKH,  luaAOu,  mrii).  ■  t«k*c  aah  ueMoirryeMux  hah  UKaHiipyembix  actsacR. 

16  II.  Oh3hh6Ckh8  cBOHCTsa  npH  HM8KHX  TBMnepaiypax 


17  K09({l(t)M4lieHT  AIIHCHIIOrO  pacilllipeilll  H 


1  8  TenAonpoaoAHOCTb 


i,  MapKa 

4  CTaVIH 

-,  n  '  IliucpnaA 

±y  ‘rcMncpnTyp,  “C 

20 

a  10* ,  l/ipad 

TeMnep.iTy- 
22p*'  °C 

22  . 

k,  tm/M  ipad 

10 

+  20-1+100) 

11,1 

75.5 

+  20-(-40) 

10,4 

-195 

23,8 

+  20-1-1  S3) 

8,0 

-255 

6,6 

2  3  ill.  MexaHHiecKHB  cbohctb3  npH  hhskhx  TBMnepaTypax 

2  ^  yAapHan  br3kocti>  ctbah  10 
(AaHHye  HiiCTHtyTa  H«j)Te-  n  yrjiexHMHMecKoro  ciiHTe3a) 


26  CocTOXHHe  MITepHAAa 

26 

oH>  • m/cm *,  npH  TCMnepaiype,  *C  , 

\ 

1  5 

jV  ■ 

+20 

-20 

—40 

-60 

-80 

-100 

•  s1- 

.  X*  • 

so1  7 

2  8  TopAMeKaiaHuA  .  .  . 

28,5- 

24,2- 

16,2- 

iPuS 

0,8- 

1,0- 

-70 

28,0 

24,2 

15,0 

■DS* 

0.8 

1.0 

2  9  OroiKiKeHHufl . 

25.0 — 
6,0 

17,8 — 
5.0 

8,5— 

4,6 

0,8— 

0,8 

-50 

27. 
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Key  to  page  100 

1)  Steel  10  and  lOkp 

2)  I.  Properties  at  +20°C  according  to  GOST  1C50-60 

3)  chemical  composition,  % 

4)  steel  type 

5)  not  above 

6)  lOkp 

7)  mechanical  properties 

8)  heat  treatment 

9)  HB,  kg/mm2,  not  above 

10)  a  kg/mm5 

11)  at,  kg/mm2 

12)  not  below 

13)  normalizing 

14)  Note.  Hardness  is  given  for  the  hot-rolled  steel 

15)  Application  -  for  production  of  components  requiring  high 
plasticity  (tubing,  spacers,  washers,  tension  rods),  as 
well  as  case-hardened  or  cyanided  parts 

16)  II,  Physical  properties  at  low  temperatures 

17)  coefficient  of  linear  expansion 

18)  thermal  conductivity 

19)  temperature  interval,  °C 

20)  deg-1 

21)  temperature,  °C 

22)  W/m*degree 

23)  III.  Mechanical  properties  at  low  temperatures 

24)  impact  strength  of  steel  10  (data  of  the  Institute  of  Petro 
chemical  and  Coal  Tar  Synthesis) 

25)  material  state 

26)  an,  kg*m/cm2,  at  temperature,  °C 

27)  tkr,  PC,  at  an  <  4  kgvn/cm2 

28)  hot-rolled 

29)  annealed 
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1  flpodoAxenue 
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COCTORNNO  NOTtpHORO 

3 

aH.  *r npH  TOMiteporypc,  *C 

1  l 

J  v  ? 

+20 

-20 

-40 

—60 

-60 

-100 

L\  g.  a* 
KTo*  V 

5  HopMajIHSOBIHHuA  .  . 

27,0- 

7,4 

22,0— 

20,7 

21,0- 

21,0 

1  CO 
^  co 
CO  — 

17,3 — 
16,5 

1.3- 

1.3 

-90 

5  3aKueHHuA . 

7  3aaajiemtuA  h  ornymeH- 

24,4- 

1.3 

17,0- 

6,1 

16.4— 

15,4 

17,9- 

1 

3,6- 

3,2 

7,5- 

7,5 

-60 

8 

rwA  . 

30,0- 

28,0- 

27,0- 

22,0- 

18,8- 

19,0- 

HH>Ke 

n 

28,8 

28,0 

18,5 

17,5 

18,8 

1 

—100 

ri)  l1p*iimKKi:  1.  XNMHiecKMM  coctis  CTflJiK,  %:  0.I2G  0,27Mn;  0,14  Si;  0.0I0P; 
0,021  S. 

>.  l.tn  Hcc/itAOiiHH*  npmwmiJiM  npyrox  jnuMerpoM  36  mm. 

,  3.  B  TiOJINB*  npMMACHM  HlKcmUJIkNUC  N  MHHHMlJIkNIK  IH10CHH*  yjUpHOl  IHIKOCTN.  j 


13-  Pa«.  26.  Himchchnc  npomocTa  commhchh*  ochoikopo  mctimi  c  rMiKupyioiiiNM  ■  6xMerninn‘. 
/  —  croak  10— M)K1;  i  —  croak  10— Bp.  07K4-2;  J  —  croak  10  — 7DK80-2  npn  hciiwtiknii: 
a  —  m  epco:  6  —  ■■  orpin  ■  aoToptoao  TOHnoporyp  or  0  *o  —70*  C  169  J 
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1)  continued 

2)  material  state 

3)  an,  kg»m/cm2,  at  temperature,  °C 

*0  tkr,  °C,  at  anmin  <  4  kg-m/cm2 

5)  normalized 

6)  quenched 

7)  quenched  and  tempered 

8)  below  -100 

9)  Notes.  1.  Chemical  composition  of  steel,  %\  0.12  CO. 27  Si, 
0.019  P,  0.022  S.  2.  Rod  35  mm  in  diameter  was  used  for  the 
studies.  3.  The  maximum  and  minimum  impact-strength  values 
are  listed  in  the  table. 

10)  ultimate  shear  strength,  kg/mm2 

11)  ultimate  tensile  strength,  kg/mm2 

12)  temperature,  °C 

13)  Pig.  25.  Change  in  strength  of  joint  formed  between  base 
metal  and  cladding  in  bimetals.  1)  Steel  10  -  MZh2;  2)  steel 
10  -  Br.  OZhlJ-2;  3)  steel  10  -  LZh9Q-2  in  testing  for:  a) 
shear  strength;  b)  tensile  strength  in  temperature  interval 
from  0  to  -70°C  [69]. 

1^ )  an 

15)  Fig.  26.  Change  in  mechanical  properties  of  steel  10  copper- 
alloy  bimetals  in  temperature  interval  from  0  to  -70°C.  a) 
Steel  10  -  MZh2;  b)  steel  10  -  Br.  OZft4-2j  c)  steel  10  - 
LZh90-2  [69]. 
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„V* NO-OM'C  D.ti.o*  NiOH. 

"  *  OTuytK  MO-MO*  f  |41 1  * 


Cia/ib  15  h  15Kn 


5  I.  CboRctbb  npM  +20°  C  no  TOCT  1050—60 


6  XhmhskkhA  cocub,  % 


Mipxi 

c 

l\ n 

• 

s 

!  p 

Nl 

Cr  / 

j  tun* 

g  He  60/iee 

15 

.9  ,5Kn 

j  figiri 

Ulreiiill 

0,35-0,65 

0,25-0,60 

.  0,17-0,37 

8  He  Cojlee 

0.7 

0,25 

0,25 

0,25 

0,25 

1 0  MexiHHiecKHe  cboActba 


7 

Mipxi CTIAH 

11 

12  0. 

13  oT 

6.,  % 

♦.  % 

in 

HB,  xr/M* 1* 

HI  OOAM 

ttT/MM* 

kT/mm • 

TipMH<iecK%n 

oOpifoTKt 

15"*  MIHH 

15 

143 

38 

21 

27 

65 

HopMAAHSaUHH 

9  I5nn 

36 

23 

29 

55 

1 

^yripiiMextHNe.  T»*pfloctfc  a<hi  a no  ropnieK«T«HoA  ctiah. 


1  8  HonaliHUt  —  AJIH  HSrOTOIJieHHH  HCAKHX  MIHOKlrpymeHHUX  AeTIUieft  npOCTO#  KOHltlHry 
PIBNN,  piOoraniUHX  HI  MCTNplRN!  (UC MIRTH pyCMUl  H  KHIHHpyiMUe  ITyilKM,  MAPUU  H  A^TIAH 
MtM  XOAOAOO*  IUCIAKh). 


19  II.  (pHINSOCKMO  CBOftCTBI  npH  HHSKHX  TBMnBpBTypBX 
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U 

sc 


IS 


IS  tin 


'  16 

TcpMHXC* 

CXIH 

oOplfiOT* 


Ho^uiii-. 

HUM 

npi  955*  C, 
omyeic 
Dpi  MB*  C 


3 

Teunep*- 

typii  *c 


a 

* 


^5 


P.2 


4-100 

0 

-100 

—150 


51,9 

52,0 

49,3 

46,7 


I5xn 

9 


16 

TcpMH<ie- 
oca* 
otipafaT- 
Ka  „ 


OmcHr 
npH 
800®  C 

'2H 


TeMnepi- 
typi,  *C 


a 

«x 


E 


22S 


g 

■ 


-243,2 

-251,44 

-253,88 

-255,94 

-258,1 


30.60 

24.40 
20,90 

18.60 

15.40 


-180,1 

-197,0 


56,80 

52,34 


(151) 


11601 


Key  to  page  104 


1)  Fig.  27.  Impact  strength  of  55-mm  diameter  heat-treated  steel 
10  rod  (0.13$  C,  0.58$  Mn,  0.27$  Si,  0.03$  S,  0.022$  P,  0.07$ 
Cr,  0.11$  Ni,  0.14$  Cu,  0.053$  Al).  Quenched  from  900-930°C 
in  8-10$  NaOH  solution,  tempered  at  300-350°C  [4l], 

2)  an,  kg *m/ cm2 

3)  temperature,  °C 

4)  Steel  15  and  15kp 

5)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

6)  chemical  composition,  $ 

7)  steel  type 

8)  not  above 

9)  15kp 

10)  mechanical  properties 

11)  HB,  kg/mm  not  above 

12)  ffv,  kg/mm* 

13)  at>  kg/mm 

14)  heat  treatment 

15)  not  below 

16)  normalizing 

17)  Note.  Hardness  is  given  for  the  hot-rolled  steel 

18)  Application  -  for  production  of  small  light-duty  components 
of  simple  configuration,  operating  under  abrasive  conditions 
(case-hardened  sleeves,  pins  and  parts  subjected  to  cold  up¬ 
setting)  . 

19)  II.  Physical  properties  at  low  temperatures 

20)  thermal  conductivity 

21)  W/m*degree 

22)  source 

23)  normalizing  at  955°C 

24)  annealing  at  800°C 
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6  III.  MexaNHHacKHa  ceoHCTBa  npa  hhskhx  TeMnepaTypax 

7  flpoMHOctfc  ripn  pacTHMeHiiH  [152] 
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npHMMlNHR:  I.  XhmhmcckhR  coctrr  ctaah,  :  0. 1  SC;  0.25  SI;  0.48Mn;  0,029  5; 
O.OIOP. 

2.  npHICAOIIU  AlHHUe  AJIR  HCHCUKoft  CTAAH,  HACNTHSHoA  no  XHUIlMCCKOMy  COCTRUy  CTR A II  IS. 
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25  A-  B  TASahAR  npHiCACHU  MAKCHMAAkHue  M  MHHHMAAktikie  AHAACHHR  yAtpHoA  RRSKOCTH. 
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1)  continued 

2)  Note. 

3)  1.  Chemical  composition  of  steels,  % 

4)  steel  type 

5)  15kp 

6)  III.  Mechanical  properties  at  low  temperatures 

7)  tensile  strength  [152] 

8)  temperature,  °C 

9)  av,  kg/mm2 

10)  a^,  kg/min2 

11)  Notes.  1.  Chemical  composition  of  steel,  I:  0.15  C,  0.25  S.i, 
u.48  Mn,  0.029  S,  0.010  P.  2.  Data  are  listed  for  a  German 
steel  identical  to  steel  15  with  respect  to  chemical  compo¬ 
sition  . 

12)  impact  strength  (data  of  the  Institute  of  Petrochemical  and 
Coal  Tar  Synthesis) 

13)  type  of  semiproduct 

14)  material  state 

15)  an,  kg*m/cm2,  at  temperature,  °C 

16)  tkr,  °C  at  £  4  kg»m/cm2 

17)  sheet  40  mm  thick 

18)  hot-rolled 

19)  annealed 

20)  normalized 

21)  quenched  and  tempered 

22)  12  x  120  mm  strip 

23)  Notes. 

24)  1.  Chemical  composition  of  steel,  % 

25)  2.  The  maximum  and  minimum  impact-strength  values  are  listed 
in  the  table. 
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PllC.  21.  y*»pn»*  BH.IKOCTfc  TcpMlIMfCKK  o6p«6o- 
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26%  P;  0.10%  Cr;  0,13%  Nl:  0.026%  Al).  3«- 
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ornycK  npM  S00  — 360’  C  [41] 
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l^npMMIHKC.  TiepAOCTb  a>HI  AAR  ropBHeKBTIHoA  CTBAH. 


lb  Hamaunut  —  aa«  MsroToaAeHHH  abtsabA  caapHux  cocyAoi,  annapaToa,  Aerate*  nopuiHeaux 
APTIHAfpOB  ( UPMCHTH  pOBBHHbJC  nBAbUU.  KyAIMKH,  pacnpcABAHTenkH  ue  BBAHKH),  I  TlKWe  Tpyflo- 
npoaoxoi  »ucoKoro  abbabkhr  (23 ]. 


17  II.  OnaHHecKHo  CBoftcTBa  npH  knskhx  TiMnepaTypax 

1  B  Kos<t>4>MUHeHT  1  9  TeiMOnpOIOAHOCTk  [60] 
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npHMBBBHMR:  I.  XhMMBPCKhA  COCTBB 

bah.  % :  0.2 1C  0,24  SI;  0,7IMn;  0.032  S;  0,031  P. 
2.  AA«  BCCABAOBBHnI  npHUBMBAM  CTBAk  20, 
OTORDKCHHyD  npi  660*  C  a  Tcacaaa  30  mum. 
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1)  an,  kg *m/ cm2 

2)  Fig.  28.  Impact  strength  of  heat-treated  steel  15  rod  15  mm 
in  diameter  (0.16?  C,  0.62 %  Mn,  0.24?  Si,  0.32%  S,  0.0265?  P, 
0.10?  Cr,  0.13?  Ni,  0.026  Al).  Quenching  from  900-930°C 

in  8-10?  HaOH  solution,  tempering  at  300-350°C  [41], 

3)  temperature,  °C 

4)  Steel  20  and  20kp 

5)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

6)  chemical  composition,  ? 

7)  steel  type 

8)  not  above 

9)  20kp 

10)  mechanical  properties  (after  normalizing) 

11)  HB,  kg/mm ^  not  above 

12)  ov,  kg/mm2 

13)  ks/mm 

14)  not  below 

15)  Note.  Hardness  is  given  for  the  hot-rolled  steel. 

16)  Application  -  for  production  of  components  of  welded  vessels 
and  equipment,  and  components  of  piston  engines  (case-hardened 
piston  pins,  cams  and  camshafts),  as  well  as  high-pressure 
pipelines  [23]. 

17)  II.  Physical  properties  at  low  temperatures 

18)  coefficient  of  linear  expansion 

19)  thermal  conductivity 

20)  temperature  interval,  °C 

21)  deg"1 

22)  W/m*degree 

23)  Notes.  1.  Chemical  composition  of  steel,  %:  0.21  C,  0.24  Si, 
0.71  Mn,  0.032  S,  0.031  P.  2.  Steel  20  annealed  at  860°C  for 
30  minutes  was  used  for  the  studies. 
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1)  III.  Mechanical  properties  at  low  temperatures 

2)  tensile  strength 

3)  steel  type 

4)  type  of  semiproduct 

5)  material  state 

6)  temperature  Interval,  °C 

7)  ov,  kg/mm2 

8)  Oi.,  kg/mm2 

9)  Sk,  kg/mm2 

10)  Rg,  kg/mm2 

11)  source 

12)  rolled  stock 

13)  annealed  at  800°C 
1*0  same  at  880°C 

15)  20kp 

16)  normalized  at  8 ^ 0° C 

17)  quenched  at  840°C  in  water  and  tempered  at  100°C 

18)  Notes. 

19)  1.  Chemical  composition  of  steels,  % 

20)  traces 

21)  2.  In  the  case  of  steel  20kp,  the  elongation  is  giver  for 
<5S.  3.  Rg  is  the  brittle  strength  found  in  accordance  with 
the  method  of  G.V.  Uzhik.  4.  Data  are  presented  [152]  for  a 
German  steel  Identical  to  steel  20  with  respect  to  chemical 
composition. 
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1)  Influence  of  heat  treatment  on  Impact  strength  of  steel  20 
(data  of  the  Institute  of  Petrochemical  and  Coal  Tar  Synthe¬ 
sis  ) 

2)  an,  kg*m/cm2,  at  temperature,  °C 

3)  steel  type 

4)  type  of  semiproduct 

5)  material  state 

6)  tkr,  °C,  at  anmln  <  4  kg*m/cm2 

7)  hot-rolled 

8)  annealed 

9)  rod  20  mm  in  diameter 

10)  normalized 

11)  quenched  and  tempered 

12)  below  -100 

13)  rod  40  mm  in  diameter 

14)  12  x  60  mm  strip 

15)  20kp 

16)  normalized  and  tempered 
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28  *■  Py^Hyio  CBapxy  Bun<wiH*;iH  weKTpoAOM  yOHH-13/45  AHiHeTpoH  4  mm\  aBTOMaTmc- 
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1)  continued 

2)  steel  type 

3)  type  of  semiproduct 

4)  material  state 

5)  an,  kg»m/cm2,  at  temperature,  °C 

6)  tkr,  °C,  at  anm  £  11  kg*m/cm2 

7)  20kp 

8)  12  *  60  mm  strip 

9)  quenched  and  tempered 

10)  Notes. 

11)  1.  Chemical  composition  of  steel,  % 

12)  rod  20  mm  in  diameter 

13)  2.  The  maximum  and  minimum  impact-strength  values  are  listed 
in  the  table 

14)  IV.  Properties  of  welded  joints  at  low  temperatures 

15)  Impact  strength  of  welds  in  steel  20  [23] 

16)  tube  section,  mm 

17)  location  of  specimen  cut 

18)  type  of  welding 

19)  all  sections 

20)  weld 

21)  manual 

22)  base  metal 

23)  automatic 

24)  metal 

25)  base 

26)  manually  formed  weld 

27)  automatically  formed  weld 

28)  2.  Manual  welding  was  performed  with  UONI-13/45  electrode 

4  mm  In  diameter;  automatic  welding  was  performed  with  Sv-08A 
wire  2  mm  in  diameter  under  AN-348  flux.  3.  The  limits  are 
given  In  the  numerator  and  the  average  impact-strength  values 
in  the  denominator. 
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M  3aaitfMM0CTk  vaapHnft )  miikoctm  ctojiii  20 
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Phc.  30.  yflipHaa  bxjkocti.  CTaflH  20  (0,20%  C;  0,46%  Mn: 
0.24%  SI:  0,018%  P;  0,020%  S)  a  sibhck mocth  ot  TepMHHe- 
c Kofl  odpaSoTKH  h  TCHneparypu  HenujaHHa: 

I  —  BBKanKa  c  960*  C  b  Boae,  ornycK  600*  G  1  —  HopnaJiHsa- 
uhb  1 020*  C,  oxaawaeHHC  Ha  aoiAyae;  3  —  nopuaANaauHX 
920*  C,  0XJi9*fleHHe  c  oCayaxo*  aoiAyxoM;  4  —  OTWHr  npH 
920*  C.  OOpaauu  npoAOXkaue,  aupejaHU  hb  Tpyfiw  Ahbmctpom 
174  X  120  mm  [36] 


5  Cia/ib  25 

6  4.  CboActbb  npH  +20°  C  no  T0CT  1050—60 

7  XhmhhcckhA  coctai, 
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1 —  axb  H3roTOBaeHHB  KanoHirpywtHHux  AtTiJitfl  (ocefl,  bbaob,  gwiaHuea), 
•  Taxxe  a ax  Aerane*  nopuiHcaux  AtraHAcpoa. 


5  C  H.  ryAxos  1028 


Key  to  puge  116 


1)  Fig.  29.  Relationship  between  Impact  strength  of  steel  20 
(0.20$  C,  0. 46$  Mn,  0.24$  SI,  0.018$  P,  0.020$  S)  In  Initial 
state  and  direction  of  specimen  grooving  and  test  tempera¬ 
ture.  1)  lengthwise;  2)  crosswise.  Specimens  are  cut  from 
tube  174  mm  by  120  mm  in  diameter  [71]. 

2)  an,  kg*m/cm2 

3)  temperature,  °C 

4)  Fig.  30.  Impact  strength  of  steel  20  (0.20$  C,  0.46$  Mn,  0.24$ 
Si,  0.018$  P,  0.020$  S)  as  function  of  heat  treatment  ana 
test  temperature.  1)  quenched  from  900°C  in  water,  tempered 

at  600°C;  2)  normalizing  at  920°C,  cooling  in  air;  3)  nor¬ 
malizing  at  920°C,  cooling  with  forced  air;  4)  annealing  at 
920cC.  Longitudinal  specimens  cut  from  tube  174  mm  by  120  mm 
in  diameter  [35]. 

5)  Steel  25 

6)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

7)  chemical  composition,  $ 

8)  not  above 

9)  mechanical  properties 

10)  HB,  kg/mm2  not  above 

11)  kg/mm* 

12)  cJt>  kg/mm 

13)  heat  treatment 

14)  normalizing 

15)  Note.  Hardness  is  given  for  the  hot-rolled  steel 

16)  Application  -  for  production  of  lightly  loaded  components 
(axles,  shafts,  flanges),  as  well  as  for  piston-engine  com¬ 
ponents. 
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+50  52.3 

-195  23.53. 

--255  6,74 
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5  npMtfciaHHx:  I.  X k mhhockh  3  cocTti  CT*XH,  %:  0.2SC;  0,22 SI;  0,59Mn;  0,020' 
0.025P. 

I.  fljlR  MCCXCAOIINhO  npHMeHXJIH  CTtJlh,  OTOMWf HHy  10  hpH  000*  C  ■  TMCNH*  30  MUM. 


6  III.  MaxaNHseoxHa  CBoRoTaa  npx  hmskhx  TBMneparypax 

J  IlpOMHOCTk  npM  POCTRMCHHH 
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Key  to  page  118 


1)  II.  Physical  properties  at  low  temperatures 

2)  thermal  conductivity  [60] 

3)  temperature,  °C 

4)  X,  W/m«degree 

5)  Notes.  1.  Chemical  composition  of  steel,  %:  0.25  C,  0.22  Si, 
0.59  Mn;  0.020  S,  0.025  P.  2.  Steel  annealed  at  890°C  for 

30  minutes  was  used  for  the  studies, 

6)  III.  Mechanical  properties  at  low  temperatures 

7)  tensile  strength 

8)  type  of  semiproduct 

9)  heat  treatment 

10)  test  temperature,  °C 

11)  av,  kg/mm2 

12)  at,  kg/mm2 

13)  source 

14)  sheet  3  mm  thick 

15)  normalizing 

16)  rod 

17)  annealing  at  800°C  for  1  hour 

18)  annealing  at  860°C  for  1  hour 

19)  Notes. 

20)  1.  Chemical  composition  of  steel,  % 

21)  2.  Sheet  elongation  determined  for  610 
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1  Bamniw  tcpmm<mck6A  ofipafenM  m  yjupHyio  MMOCTk  ctmm  25 
(MUM*  Hhcthtyt*  hc$tc-  m  yrjieiNMH<wcKoro  cnhtcm) 


3  «„■  nr-M/tM*.  npM  T*Mn«paryp«,  *C 


Key  to  page  120 


1)  Influence  of  heat  treatment  on  Impact  strength  of  steel  25 
(data  of  the  Institute  of  Petrochemioal  and  Ooal  Tar  Syn¬ 
thesis  ) 

2)  material  state 

3)  an,  kg*m/cm2,  at  temperature,  °C 

*0  tkr,  °C,  at  anmln  <  4  kg*m/ cm2 

5)  hot-rolled 

6)  annealed 

7)  normalized 

8)  quenched  and  tempered 

9)  Notes.  1.  Chemical  composition  of  steel,  %\  0,24  C,  0.59  Mn, 
0.23  Si,  0.020  P,  0.030  S.  2.  A  rod  120  mm  In  diameter  was 
used  for  the  studies.  3.  The  maximum  and  minimum  impact- 
strength  values  are  listed  in  the  table, 

10)  kg/mm2 

11)  an,  kg*m/cm2 

12)  ov 

13)  an 

14)  temperature,  °C 

15)  Fig.  31  Low-temperature  mechanical  properties  of  steel  25 
normalized  at  920°C  [731. 
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l  CTajib  35 

2  I.  CboActbb  npM  +20°  C  no  TOCT  1050—60 

5  XHMHMCCBHA  COCT8B,  % 

'  ^  Coaep*«HHe  aAetteiiToi,  % 
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15  HtUKantHui  —  aa«  mroTOMeHHii  MiAOHtrpyxeHiiux  jtti/idl  i  hopmi^ikjoiihnoh  nju 

yjiy^UKHHOM  COCTOBHKH  (itAOl,  UICCTf peH,  rnmMex,  Soatoi,  raeit). 


16  II.  <t>H«HsacKM«  CBOflcTBa  npn  hhikhx  TBMnopaTypax 

1 7  Kos^KpHttHCHT  AHHeflHoro  1 8  TeiuiorfpoaojHOCTb  [60] 

pBCUJHpCHHfl  [74] 
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2,  CriAb  HcnuTiHi  ■  hopmiahsobihhom 
'  ccctoBhmh. _ 


2^  ripHMeilHHR:  I.  XHHKteCKMBco- 
CUB  CTIAH,  %:  0,340  0,76Mn;  0,35 SI; 
0.032  S;  0.035P. 

2.  Rah  hccacaobihhA  npmieHRAH  cn/ik, 
OTOMMeNHyn  npn  790*  C  ■  reycHHe  30  muh. 


25  III.  M«xaHNH80KM8  CBofiCTBa  npn  HH3KMX  TBMnopaTypax 

26  npOHHOCTb  npH  paCTBBteHHH  [6] 


1 1  TepHBBBCRiB  OfipafiOTKl 

Kma  i 

19 

BSIB 

-6.  % 

*.  % 

^2  70T7Knr  npn  800®  C  b  «whh6 

BH 

IB 

— 

20 

10 

54 

6 

UCB 

■Hi 

— 

* 

5 

Key  to  page  122 

1)  Steel  35 

2)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

3)  chemical  composition,  % 

*0  element  content,  % 

5)  not  above 

6)  mechanical  properties 

7)  HB,  kg/mm2  not  above 

8)  ov,  kg/mm2 

9)  ot,  kg/mm2 

10)  an,  kg*m/cm2 

11)  heat  treatment 

12)  not  below 

13)  normalizing 

14)  Note.  Hardness  is  given  for  the  hot-rolled  steel. 

15)  Application  -  for  production  of  light-duty  components  in 
normalized  or  improved  state  (shafts,  pinions,  threaded 
studs,  bolts  and  nuts). 

16)  II.  Physical  properties  at  low  temperatures 

17)  coefficient  of  linear  expansion  [7*1] 

18)  thermal  conductivity  [60] 

19)  temperature  interval,  °C 

20)  a*10  ,  deg-1 

21)  temperature,  °C 

22)  X,  W/nrdegree 

23)  Notes.  1.  Chemical  composition  of  steel,  %:  0.38  C,  0.6?  Mn, 
0.30  Si,  0.040  S,  0.032  P.  2.  Steel  is  testdd  in  normalized 
state. 

24)  Notes.  1.  Chemical  composition  of  steel,  %:  0.34  C,  0.76  Mn, 
0.35  Si,  0.032  S,  0.035  P.  2.  Steel  annealed  at  790°C  for  30 
minutes  was  used  for  the  studies. 

25)  III.  Mechanical  properties  at  low  temperatures 

26)  tensile  strength  [5] 

27)  annealing  at  800°C  for  1  hour 
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nCTiiib  40 
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Key  to  page  124 

1)  continued 

2)  heat  treatment 

3)  temperature,  °C 

4)  ov,  kg/mm* 

5)  at,  kg/mm2 

6)  annealing  at  840°C  for  1  hour 

7)  Note.  Chemical  composition  of  steel,  %:  0.34  C,  0.76  Mn, 

0.35  Si,  0.032  S,  0.035  P. 

8)  impact  strength  [72] 

9)  an,  kg*m/cm2 

10)  Notes.  1.  Chemical  composition  of  steel,  0.36  Cr  0.53  Mn, 
0.018  S,  0.029  P.  2.  Charpy  specimens  were  used  for  the 

studies . 

11)  steel  40 

12)  I.  Properties  at  +20°C  according  to  GOST  1050-60 

13)  Chemical  composition,  % 

14)  not  above 

15)  mechanical  properties 

16)  HB,  kg/mm2  not  above 

17)  not  below 

18)  normalizing 

19)  *for  annealed  steel.  **  for  hot-rolled  steel 

20)  Application  -  for  production  of  increased-strength  compo¬ 
nents  in  the  normalized  improved  state,  or  surfaces  subjected 
to  heat  treating  (crankshafts,  connecting  rods,  camshafts, 
keys,  etc.) 
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1  II.  (ftNSMHecKHfl  CBoriiTBa  npH  HHSKHX  TOMneparypax 
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Key  to  pare  126 

1)  II.  Physical  properties  at  low  temperatures 

2)  coefficient  of  linear  expansion  [74] 

3)  thermal  conductivity 

4)  temperature  interval,  °C 

5)  a. 10s,  deg"1 

6)  temperature,  °C 

7)  W/m* degree 

8)  source 

9)  Notes.  1.  Chemical  composition  of  steel,  %i  0.40  C,  0.72  Mn, 
0.42  Si,  0.025  S,  0.032  P.  2.  The  steel  is  tested  in  the  nor 
malized  state. 

10)  Notes.  1.  Chemical  composition  of  steel,  %:  0.40  C,  0.79  Mn 
0.33  Si,  0.026  S,  0.043  P.  2.  Heat  treatment:  annealing  at 
835°C  for  30  minutes. 

11)  III.  Mechanical  properties  at  low  temperature 

12)  tensile  strength 

13)  No. 

14)  type  of  semiproduct 

15)  heat  treatment 

16)  av,  kg/mm* 

17)  <rt,  kg/mm 

18)  rod 

19)  annealing  at  800° C  for  1  hour 

20)  annealing  at  830°C  for  1  hour 


llpodOAXCtHUi 


2I 

J** 

C  tf 

c  ■ 

l! 

TcpMNICCKII 

4  OOpoOoTKI 

b 

5b 

X  . 

>  * 

H  Ok 

i* 

0* 

«o 

7I 

H 

O 

• 

it 

m 

* 

P 

& 

9 

10 

3axa;iKa  c  820s  C 

+  20 

95 

•  83,8 

17,0 

59,2 

4 

npytoK 

n  bo  Ao.  OmycK 

—40 

101.6 

90,9 

18,6 

57,9 

|68| 

np«  550°  C 

-70 

101,9 

90,9 

10.5 

57,0 

12  I-  XuMumeKui  ctemat  cmaAU,  S 


2*  "" 

c 

Mn 

SI 

P 

8 

Nl 

i 

0,40 

0,8 

0,25 

0.040 

0,040 

7.  3 

0,40 

0,79 

0,33 

0,043 

0.028 

4 

0.44 

0,64 

0,30 

0,034 

0,034 

0.9 

]  1  ripHKAeiaw*  x*Nnue  [162]  a**  HeMcuNoH'cTiXM  maihthmhm  no  XKMMXKKOMy  eoeriiy 
fill  40. 


14  Moxyxk  CAMT*  [68] 


4  Tcpmn«CKM  60pl6OTK* 

1 

|  15  O,  kT/mm*.  npi  nNMMTyp*.  *C 

+» 

-70 

6  3ikuk8  c  820s  C  b  boas  c  omycKOM 

6959 

7222 

npi  650*  C  h  oxadkachhcm  b  bo^c 

1 

17  I.  XNMHiecKHft  coctii  ctiah,  Si  0,44Cl  0,84Mn;  0,90  51;  0.034P; 

0,014  S;  0.9NI. 

9.  A""  hccji«xo»«hm»  npHiMHajiN  npjrroK  ahimitpom  90  mm. 


'  18  y*»PHl«  BASKOCTb  [68] 


4 

TtpMMICCKAI  OOpiSoTKI 

19  ‘ 

iH,  kT <m/cmm ,  npi  TiMncpirypi,  *C 

+20 

-40 

-70 

-100 

—196 

3ikmka  c  820*  C  b  boas  c  ot*' 
nycxoM  npH  550*  C  c  oxaawab- 
NMM  ■  BOAC  16’ 

12,15 

7,85 

6,26 

• 

1,30 

0,68 

17  npmiiUMi:  I.  XimmcckmA  coctii  ctiaa,  S:  0.44G  0,(4Mn;  0,1051;  0,0)4P; 
8,814  5;  0.9NI. 

9.  Ail  MCMAoiiNna  npiMiaxi  npytoK  ahimitpom  20  mm. 


i  ■ 
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1)  continued 

2)  No. 

3)  type  of  semiproduct 

4)  heat  treatment 

5)  temperature,  °C 

6)  av,  kg/mm2 

7)  at,  kg/mm2 

8)  source 

9)  rod 

10)  quenching  from  820°C  In  water.  Tempering  at  550°C 

11)  Notes. 

12)  1.  Chemical  composition  of  steel,  % 

13)  2.  The  data  presented  [152]  are  for  a  German  steel  identi¬ 
cal  to  steel  40  with  respect  to  chemical  composition. 

14)  shear  modulus  [68] 

15)  G,  kg/mm2,  at  temperature,  °C 

16)  quenching  from  820° C  in  water  with  tempering  at  550°C  and 
cooling  in  water 

17)  Notes.  1.  Chemical  composition  of  steel,  %:  0.44  C,  0.64  Mn, 
0.30  Si,  0.034  P,  0.034  S,  0.2  Ni .  2.  A  rou  20  mm  in  diam¬ 
eter  was  used  for  the  studies. 

18)  impact  strength  [68] 

19)  an,  kg*m/cm2,  at  temperature,  °C 
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1 IV.  CDO^CTBa  CBapHUX  COflflMHIHMM 
njm  HM3KMX  TOMnopatypax 


2  yjUPHii  BB3K0CTB  CTAAH  40.  CBipCHHWX' 

■  yrjKKHcjMM  rtM  [52]  % 


% 

l  MlpXI  MCRTPOANOA  irpOIOAOKH 

2|  «H,  Kr-M/tM*,  ItpM  TCMn*p»Typ«,  *C 

+30 

-20 

-40 

5  CB-08r2CA 

1 

6.4-7, 1 

6,6 

4, 0-5, 6 

4,8 

2, 6-4, 6 

3.6 

6  npimwa  n  •.  B  nnMMTtui  rtpuKACNU  npuuy,  i  ihiminitmi  —  cp«aknc  lantNNi 
yAipxol  ■■iKoera. 


'1  1  Phc.  32.  Mcxihhicckhi  cioActii 
ctiah  40  (0,44%  C  0.64  Mn; 
0.30%  SI;  0,034%  S;  0,034%  P; 
0,2%  NO,  MKiJieHHoA  ■  mica* 
c  110*  C  n  ornyouNHol  npN 
160*  CJ  npN  TtMncpirypix  or 
^10  AO  ^70*C  [MJ 
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1)  IV.  Properties  of  welded  joints  at  low  temperatures 

2)  impact  strength  of  steel  40  welds  formed  in  carbon  dioxide 

[52] 

3)  type  of  wire  electrode 

4 )  an,  kg*m/cm2,  at  temperature,  °C 

5)  Sv-08G2SA 

6)  Note.  The  limits  are  given  in  the  munerator,  and  the  aver¬ 
age  impact-strength  values  in  the  denominator. 

7)  kg/mm2 

8)  necking 

9)  temperature,  °C 

10)  elongation  6,  % 

11)  Fig.  32.  Mechanical  properties  of  steel  40  (0.44%  C,  0.64% 
Mn,  0. 30%  Si,  0.034?  S,  0.034?  P,  0.2?  Ni),  quenched  from 
820°C  in  water,  tempered  at  550°C,  at  temperatures  from  +20 
down  to  -70°C  [68]. 
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3  Pie-  S3-  y*«P"*«  RRIKOCTk'CTiRN  40,  StKtJICKNO*  C  120*  C 
■  Men  ■  errnymcHHO*  npn  650*  C  npn  TtMiwparypcx  or 
+  100  «o  —100*  C  168].  Xmmmkckn*  coctii  tot  mo.  rro  ■ 
1 1  Ml  PRC.  12 


4  Jtnnetamypa  ocmmemm,  V 


5  Phc.  34.  3iiMeHMKTk  yflipco* 

■-  - tin  *o./  r-  0,66%  Mn; 


_  ...  . . .  „  ...  IRIKOCTR 

ctcrr  40  [(0,30%  C  O.e&S  Mn;  0.17%  Si; 
0,23%  Ni),  iikircrhoS  C  630*  C  i  »a*»  r 
oTiryncHROt  npc  600*  C  c  oxjurwcrrm  • 
ROM  J  npc  rr»xr*  TCMncpcT/pci  or  wm> 
RM  tcpRa  166]: 

f  —  Sum  tcpRi  6;  i  —  7;  ,t  —  6;  J-l. 
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1)  an,  kg* m/cm2 

2)  temperature,  °C 

3)  Pig.  33.  Impact  strength  of  steel  40,  quenched  from  820°C  in  wa¬ 
ter  and  tempered  at  550°C,  at  temperatures  from  +100  down  to 
-190°C  [68].  Chemical  composition  is  same  as  that  in  Pig.  32. 

4)  test  temperature,  °C 

5)  Fig.  34.  Low-temperature  impact  strength  of  steel  40  [(0.39$ 

C,  0.65$  Mn,  0.17$  Si,  0.23$  Ni), quenched  from  830°C  in  water 
and  tempered  at  500°C  with  cooling  in  water]  as  a  function  of 
grain  size  [68],  1)  grain  fineness  8;  2)  7;  3)  6;  4)  2. 
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1)  stress  amplitude  +  a,  kg/mm2 

2)  scale:  1  mm  -  0.l“kg/mm2 

3)  pretensioned  specimen 

4)  number  of  cycles 

5)  Pig.  35.  Low-temperature  fatigue  limit  of  steel  40,  quenched 
in  water  from  820°C  and  tempered  at  550°C  [68]. 

6)  scale:  1  mm  =  0.2  kg/mm2 

7)  specimen  did  not  fail 

8)  Pig.  36.  Influence  of  notching  and  low  temperatures  on  fatigue 
limit  of  steel  40,  quenched  in  water  from  820°C  and  tempered 
at  550°C.  1)  smooth  specimen  (did  not  fail);  2)  notched  speci¬ 
mens  [68]. 


i  CTajib  45 

2  I.  CboAotbb  npM  +20°  C  no  rOCT  1050-60 

3  XhiwkckmA  coctap,  % 


4  H«  OoJICi 


0,42-0, 

0,50-0, 
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0.17-0,37 

0,040 

0,040 

0,25 

6  n° 
kHmm1 
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«/*/««• 

4  (MM  . 

5  MexaHHseaiHe  cpoActba 


?rS«.  * 


Mi  MeMii 


36  16  40 


mr.MitM*  TepuNiecKiM 

"  '  oCpiflOTK* 


5  HopMMH3aaHH 
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•  A"*  OTOM«CHNaft  CTIJIM. 
11  **  A**  ropMiiKiTiNoA  ctmn. 


13  HtlMailHUt  —  JUI M  HSrOTOMJICMMM  Attire*,  pa60T<IOU|NX  npM  HtOoilkUIMX  CKOPOCTMX  M  CpCA-  - 
■MX  VAtAkx ux  ahmcnhxx:  ■  KoMnpeccopax  (nojicnmithc  imm  k  imanrapu);  peAyxTopax  xaco- 
(N  (ktpiXKK,  pmirN,  lUCCTipHN  M  T.  A  ). 


14  II.  MaxaHNitOKHt  cboAqtbb  npN  hhikhx  TBMnapaTypax 

l^npOSHOCTk  npM  paCTIKCHHM  [6] 


l6T.«^Typ.  • 


8°r  «/*/««• 


6 


-196  106-107  97  .  7—14  28 

-253  134-141  -  0  0 

17  n  p  ■  N  t  <l  l  N  n  ■:  I.  XnmxxccxmK  coctii  CTiJiM,  % :  0.SIC  O.SSMn;  0,30  Si;  0.028P; 
1,0114  S. 

I.  A**  ■ccxtxoaaxxl  ppmhcmham  npyTOx  n*  ctijim  4(  rrocxa  or*Nra  npN  800—010*  C  ■  t»- 

MIM  Wl. 


20  BjMIHHA  TepMHHCCKOA  o6pA0OTKM  HA  yAApHyiO  MSKOCTk  CTUH  45 


COCTOXRMi 

MAT«PNAA1 

20 


4  ropP<WK8T8- 

huA 

^OtoxxkhhuA 


21  V 

Kr-M/cm*,  npx  TinnepiTypt,  *C 

+20 

-20 

-40 

-60 

-40 

-100 

*3.4BR. 


0,2—  LBuuie  27 
0,3  +20  • 
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1)  Steel  45 

2)  I.  Properties  at  +20°C  according  to  COST  1050-60 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  HB,  kg/mm2 

7)  ov,  kg/mm2 

8)  ot,  kg/mm2 

9)  heat  treatment 

10)  not  below 

11)  *for  annealed  steel.  **  for  hot-rolled  steel 

12)  normalizing 

13)  Application  -  for  production  of  components  operating  at  low 
speeds  and  under  average  specific  pressures:  in  compressors 
(camshafts  and  cylinders);  in  reducing  valves  of  pumps 
(worms,  control  levers,  gears,  etc,) 

14)  II.  Mechanical  properties  ot  low  temperatures 

15)  tensile  strength 

16)  temperature,  °C 

17)  Notes.  1.  Chemical  composition  of  steel,  %i  0,51  C,  0.69  Mn, 
0.30  Si,  0,028  P,  0.0184  S.  2.  A  rod  formed  from  steel  45 
after  annealing  at  800-8l0°C  for  1  hour  was  used  for  the 
studies . 

18)  influence  of  heat  treatment  on  impact  strength  of  steel  45 
(data  of  the  Institute  of  Petrochemical  and  Coal  Tar  Syn¬ 
thesis  ) 

19)  type  of  semiproduct 

20)  material  state 

21)  an,  kg'm/cm2,  at  temperature,  °C 

22)  tu,  °C  at  a_  <4  kg*m/cm2 

v  nmin  - 

23)  25  x  25  mm  rod 

24)  hot-rolled 

25)  annealed 

26)  normalized 

27)  above  +20 
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*  >M 
RMyMM* 
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Cttte«NM 

lITtMMI 


-4  v 

nT-M/tM*,  npn  TMtiMptryp*,  *C 
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6,1 

4,9 
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•7  3aKueHHuA 
1  ■  omyiueHHuA 


-40 
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H  ■■immny 


9  Topa<ieKiTa- 
huA 


110  «•  (proxaceKHuft 
.lHopM&flHM- 

MHHUft 

.  2  Hopnajjaso* 

«  {rrnymeHHwft 
.  33aKBMIRUA 
■  omyntnHuA 
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0 

-80 

-90 
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Hnnu 

-100 


)5  Hi . . 


16 

I.  XimhuckuI  ncnu  tm** u,  % 


2  *M  iMy+a6pu«Ta 

B 

Mn 

B 

s 

n*rn>*  *•  X  U  mm 

*  iumth*  1*0  aa  .  .  • 

0.47 

0,40 

m 

0.M 

0.10 

>.01 1 

0.0*0 

0,040 
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17  3.  '■  TtRjIlM  npiMMKM  MKeiMMklllM  M  MNNMHiabNM  •■■Mill  1MHOCTII. 


19 


Phc.  17.  Hiwniim  yxipiol  •iJROCTM  CT*JI« 
46  1(0.43%  C  0,*»%  Si;  0,11%  Mn;,  0.010%  5; 
0.0*0%  P;  0,16%  NO,  lautuea  0  ornyxti- 
no*  npi  460*  Cl  k  I 

■mrm  ■  aapm 

■  TamparrpM 


- RKwrtam 

Aira-ssii.r 
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1)  continued 

2)  type  of  semiproduct 

3)  material  state 

4)  a  ,  kg*m/cm2,  at  temperature,  °C 

5)  t£r,  °C,  at  a^  <  4  kg*m/ cm2 

6)  25  x  25  mm  rod 

7)  quenched  and  tempered 

8)  rod  120  mm  in  diameter 

9)  hot-rolled 

10)  annealed 

11)  normalized 

12)  normalized  and  tempered 

13)  quenched  and  tempered 

14)  below  -100 

15)  Notes. 

16)  1.  Chemical  composition  or  steel,  ? 

17)  2.  The  maximum  and  minimum  impact-strength  values  are  listed 
in  the  table. 

18)  an,  kg*m/cm2 

19)  Pig.  37.  Change  in  impact  strength  of  steel  45  [(0,4358  C, 
0.2358  Si,  0.6158  Mn,  0.030?  S,  0.020  ?  P,  0.15?  Ni)  quenched 
and  tempered  at  450°C]  as  a  function  of  radius  of  curvature 
at  root  of  groove  in  circular  specimens  and  test  temperature 
[751. 


2  Q",*rn/tnl 


2 


Phc.  31.  yxApHn*  bR.ikocti,  nciinniinm  Mr- • 
Ttjuia  h  nKiuioilloaiton  annia  email  45 
10.10%  C  0,53%  Mn;  0,25%  SI;  0.10%  Cr; 
0,11%  Nil  0,021  %  S:  0.010%  l>)  a  .ninneii- 
moctn  or  Ttnorparypu  itct'ijraiiiia: 
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toraa  RJMCtnn  nopa*  etapiroA  —  MopManH* 
••UNI  npR  800*  C  (701 
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Mn 
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7  Ne  6ojic« 
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0,040 

0,040 
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♦.  % 

1  « 
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207* 
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64 

38 

14 
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HopMOXHSaUHM 

14 

]  R  *  it"*  OTORCJRBHMOA  CTajlH . 

J  **  flat  ropflacRaTaHoO  cranir. 


16  HunaUHUt  —  an*  M*roTO(R«HiiR  Kpy (iHoraOapHTHux  A<TaneA  (aeHuoa,  uiceraptN.  iujio- 
.  RarpyawHRMX  npy*tti<,  peceop  h  ap). 


17  II.  4>HBMHBQKM«  OBOflCTBB  npM  HMSKNX  TtMnopBTypaX 

'•  i  '  lg  TeiwonpopojwocTk  [50]  >, 


3 

TaunepaTypa ,  *C 

^  g  K,  tm/M  ipad 

r~ 

.  +23 

47,31 

-195 

21,10 

A 

-255 

5,90 

[IpKNMIHHK:  I.  XHMH.tCKH*  tOCTai 

i  craRN,  %:  0.60C  0,73Mn;  0,33  SI;  0,01*  Si  0.044P. 

1.  An*  RccJicaoaaHHO  npRMCRRON  crank  00  noexe 
otjrhm  npp  000*  C  a  r*ae*«a  30  jium. 
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1)  a  ,  kgTn/cm2 

2)  Pig.  38.  Impact  strength  of  base  metal  and  around-the-weld 
zone  of  steel  45  (0.50!?  C,  0.53?  Mn,  0.26?  Si,  0.16?  Cr, 

0.185?  Ni,  0.0215?  S,  0.018?  P)  as  function  of  teat  tempera¬ 
ture.  1)  base  metal  (plate  16  mm  thick);  2)  around-the-weld 
zone  (optimum  welding  conditions).  Heat  treatment  prior  to 
welding  consisted  of  normalizing  at  85Q°C  [76]* 

3)  temperature,  °C 

4)  Steel  50 

5)  I.  Properties  at  +20°C  according  to  QOST  1050-60 

6)  chemical  composition,  % 

7)  not  above 

8)  mechanical  properties 

9)  HB,  kg/mm2 

10)  av,  kg/mm2 

11)  at,  kg/mm2 

12)  heat  treatment 

13)  not  below 

14)  normalizing 

15)  #for  annealed  steel.  **  for  hot-rolled  steel 

16)  Application  -  for  production  of  large  components  (rims,  gears, 
light-duty  springs,  leaf  springs,  etc.) 

17)  II.  Physical  properties  at  low  temperatures 

18)  thermal  conductivity  [50] 

19)  X,  W/m'degree 

20)  Notes.  1.  Chemical  composition  of  steel,  %\  0.50  C,  0.73  Mn, 
0.33  Si,  0.019  S,  0.044  P.  2.  After  annealing  at  800°C  for 
30  minutes,  steel  50  was  used  for  the  studies. 
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Key  to  page  142 

1)  coefficient  of  linear  expansion 

2)  temperature.  °C 

3)  a*106,  deg”* 

4)  III.  Mechanical  properties  at  low  temperatures 

5)  tensile  strength 

6)  No. 

7)  type  of  semiproduct 

8)  heat  treatment 

9)  test  temperature,  °C 

10)  crv,  kg/mm* 

11)  at,  kg/mm2 

12)  source 

13)  rod 

14)  quenching  from  850°C  in  oil,  tempering  at  350°C  (HRC  = 

15)  quenching  from  850°C  In  oil,  tempering  at  450°C  (HRC  = 

16)  quenching  from  820°C  in  oil,  tempering  at  5 50°C 

17)  annealing  at  800°C  for  1  hour 

18)  annealing  at  880°C  for  1  hour 

19)  Note. 

20)  Chemical  composition  of  steel,  % 


49-5? ) 
38-41; 
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1  yjupH**  amocTb 


TepHHICCKt*  06pt60TKl 


|  6  3axa^Ka  c  850°  C  a  Mac- 
ae,  omycK  350°  C  (HRC= 
*49-52) 


2  7  3a«ajiKa  c  550s  C  n  Mac- 
ae,  omycK  450*  C  (HRC= 
*38-41) 

3  8  3aKMKi  820°  C  *  Macae, 
omycK  550*-C 
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Key  to  page  144 


1)  impact  strength 

2)  No. 

3)  heat  treatment 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  source 

6)  quenching  from  850°C  in  oil,  tempering  at  350°C  (HRC  =  49-52) 

7)  quenching  from  850°C  in  oil,  tempering  at  450°C  (HRC  =  38-41) 

8)  quenching  from  820°C  in  oil,  tempering  at  550°C 

9)  Note. 

10)  chemical  composition  of  steel,  % 

11)  o,  kg/mm2 

12)  number  of  cycles 

13)  Fig.  39.  Impact  fatigue  (alternating  sign)  of  steel  50 
(HRC  =  49-52)  at  temperatures  of  +20  and  -60°C.  Cantilevered 
square-section  specimens:  1)  unhardened  at  +20°C;  2)  un¬ 
hardened  at  -60°C;  3)  hardened  at  +20°C  [78], 
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LOW-ALLOY  AND  ALLOY  MACHINE  STEEL 

Low-alloy  steel  is  widely  used  in  various  segments  of  the 
national  economy. 

The  industry  produces  a  large  assortment  of  low-alloy  steel 
types  (GOST  5 8—57  and  GOST  4543-61),  thus  making  It  possible, 
with  proper  application  of  the  steel,  to  produce  machinery,  equip¬ 
ment  and  structures  with  high  use  safety  factors. 

As  compared  with  high-grade  carbon  steels,  low-alloy  steels 
show  higher  impact  strength  and  go  over  into  the  brittle  state 
at  lower  temperatures.  The  critical  temperature  of  transition 
to  the  brittle  state  is  below  -70°C  for  the  majority  of  steels 
in  this  group. 

In  recent  years,  strong  and  ductile  low-alloy  steels  have 
been  developed  and  are  used  in  various  branches  of  the  machine- 
building  industry. 

For  example,  in  shipbuilding,  steels  09G2,  lOKhSND,  and 
lOKhGSND  are  now  widely  used  in  lieu  of  the  previously  employed 
structural  steels  20G,  15KhSND  and  St.  5,  and  SKhL-45  is  coming 
into  use. 

In  machine  building  for  the  petroleum  industry,  steel 
09G2S(M)  has  been  used  successfully  for  the  production  of 
welded  low-temperature  (-70°C)  oil-refinery  equipment  in  recent 
years . 

The  new  low-carbon  Type  06N3  nickel  steel,  which  has  under¬ 
gone  industrial  testing  at  temperatures  down  to  -l83°C  in  the 
form  of  welded  articles  made  from  thin  sheets,  has  been  developed 
for  chemical  machine  building.  In  a  number  of  cases,  this  steel 
can  be  used  In  lieu  of  high-alloy  austenitic  steels. 

Mechanical  engineers  have  acquired  new  chromium  steels 
alloyed  with  boron  and  nickel.  These  steels  are  used  success¬ 
fully  in  place  of  low-alloy  chromium-nickel  steels  for  machine 
components . 
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1)  Steel  40G 

2)  1.  Properties  at  +20°C  according  to  GOST  1Q5Q-60 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  HB,  kg/mm2 

7)  <JV,  kg/mm2 

8)  at,  kg/mm2 

9)  heat  treatment 

10)  normalizing 

11)  #for  hot-rolled  steel.  ##for  annealed  steel. 

12)  Application  -  for  production  of  camshafts,  splined  and  gear 
shafts,  crankshafts,  connecting  rods,  fasteners. 

13)  II.  Physical  properties  at  low  temperatures 

14)  coefficient  of  linear  expansion  [7*1] 

15)  temperature  interval,  °C 

16)  a • 106 ,  deg-1 

17)  Note.  Chemical  composition  of  steel,  %\  0.42  C,  0.72  Mn, 
0.42  Si,  0.025  S,  0.032  P 

18)  III.  Mechanical  properties  at  low  temperatures 

19)  tensile  strength  of  hot-rolled  steel  [66] 

20)  temperature,  °C 

21)  Note.  Chemical  composition  of  steel,  %:  0.39  C,  0.78  Mn, 
0.38  Si,  0.041  P,  0.1  Cr. 
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1)  Elastic  modulus  [66] 

2)  temperature,  °C 

3)  E,  kg/mm2 

4)  Note.  Chemical  composition  of  steel,  %:  0.39  C,  0.78  Mn, 

0.38  Si,  0.041  P,  0.1  Cr. 

5)  Impact  strength  [22] 

6)  material  state 

7)  an,  kg»m/cm2,  at  temperature,  °C 

8)  tjcj,,  °C,  at  an  <_  4  kg*m/cm2 

9)  hot-rolled 

10)  annealed 

11)  quenched  and  tempered 

12)  below  -60 

13)  Note.  Chemical  composition  of  steel,  %:  0.40  C,  0.78  Mn, 

0.38  Si,  0.041  P,  0.1  Cr. 

14 )  Steel  15GS 

15)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

16)  chemical  composition,  % 

17)  not  above 

18)  mechanical  properties 

19)  rolled  stock  thickness,  mm 

20)  av,  kg/mm2 

21)  at,  kg/mm2 

22)  bending  test  in  cold  state 

23)  not  below 

24)  Note.  The  bend  angle  is  determined  on  a  mandrel  (c)  equal  to 
double  the  sheet  thickness  (a) 

25)  Application  -  for  production  of  merchant  shapes,  I-beams, 
girders  and  shaped  sections  intended  for  machine  building 
and  framing  of  industrial  structures. 
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Key  to  page  152 


1)  II.  Mechanical  properties  at  low  temperatures 

2)  tensile  strength  [80] 

3)  test  temperature,  °C 


6)  kg/mm2 

7)  Note.  Specimens  cut  from  sheets  9-20  mm  thick  across  direc¬ 
tion  of  roll. 

8)  influence  of  sheet  thickness  and  direction  of  roll  on  impact 
strength  of  hot-rolled  steel  15GS  [8l] 

9)  sheet  thickness,  mm 

10)  specimen  position 

11)  an,  kg*m/cm2,  at  temperature,  °C 

i?)  tkr,  °C 

13)  longitudinal 

14)  transverse 

15)  between  -*10  and  -60 

16)  Note.  1.  Chemical  composition  of  steel,  %:  0.12  C,  1.22  Mn, 
0.55  Si,  0.16  Cr,  0.11  Ni,  0.018  S,  0.032  P.  2.  The  limits 
are  given  in  the  numerator  and  the  average  impact-strength 
values  in  the  denominator. 
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L^Upaa  CHponol  npoaoaoaa 
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*r-M/CM i,  npa 
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+» 
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ITT 
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7T 

0,9 

1,8  * 

20  npamwiiK  I.  Xin*4«ckiI  cocrti  crixa,  %:  0.I9C  0,88Mn;  0.68 SI;  0, 1  ICr; 
0.0IIP;  0.010  S. 

1.  A x«  accaaioaiial  npaiMixtM  utter  Toxmmiol  12  mm. 

I.  V  numM  |iia  'iiaMikait,  a  ■  aaaMtaarMa  —  ■ii(mmm  hiwih  yaapao* 

(IIMCTI. 
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Key  to  page  154 


1)  impact  strength  of  heat-treated  steel  15GS  rolled  stock 

2)  No, 

3)  sheet  thickness,  mm 

4)  heat  treatment 

5)  specimen  position 

6)  an,  kg»m/cm2,  at  temperature,  °C 

7)  source 

8)  normalized  at  900CC 

9)  longitudinal 

10)  transverse 

11)  quenching  from  900°C  in  water,  tempering  at  650CC 

12)  hot-rolled 

13)  Notes.  1.  Chemical  composition  of  steel,  % 

14)  2.  The  minimum  impact-strength  values  are  given  in  the  numera¬ 
tor,  and  the  maxima  in  the  denominator. 

L5)  HI.  Properties  of  welded  joints  at  low  temperatures. 

16)  impact  strength  of  steel  15GS  weld  formed  by  automatic  weld¬ 
ing  with  OSTs-45  flux  [84] 

17)  type  of  welding  wire 

18)  Sv-08 

19)  bv-08G 

20)  Notes.  1.  Chemical  composition  of  steel,  %:  0.19  C,  0.85  Mn, 
0.68  Si,  0.11  Cr,  0.015  P,  0.020  S.  2.  A  sheet  thickness  of 
12  mm  was  used  for  the  studies.  3.  The  minimum  impact- 
strength  values  are  given  in  the  numerator,  and  the  maxima 
in  the  denominator. 
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Key  to  page  156 


1)  an,  kg*m/cm2 

2)  temperature,  °C 

3)  Fig.  40.  Impact  strength  of  steel  15GS  (0.22%  C,  1.34$  Mn, 
0.9058  Si,  0.05$  Cr,  0.09$  Cu,  0.018$  P,  0.02$  S)  sheets  12  mm 
thick  as  function  of  test  temperature  and  notch  radius  [12] 

4 )  Fig.  4l.  Curves  showing  change  in  impact  strength  of  welds 
and  edge  of  weld-metal  zone  of  steel  St.  3  and  D 5GS  speci¬ 
mens  12  mm  thick  with  manual  welding  prior  to  aging  [84]. 

1)  steel  15GS  base  metal,  transverse  to  rolling;  2)  same,  for 
steel  St.  3;  3)  edge  of  weld-metal  zone  of  steel  15GS;  4) 
same,  for  steel  St.  3;  5)  steel  15GS,  OMM-5  electrodes,  second 
weld  layer;  6)  same,  steel  St.  3;  7)  steel  St.  3»  OMM-5-type 
electrodes,  final  weld  layer;  8)  steel  15GS,  UONI-13/55  elec¬ 
trode,  second  weld  layer. 
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12  II.  M*X«HMM«0KNI  M0&CTB8  npH  HHtKMX  TBMflBpBTypBX 


1 3  yxapHaa  aa»MTb  [85] 
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Key  to  page  158 

1)  Steel  16GS  (3N,  16GT) 

2)  I.  Properties  at  +20°C  according  to  GOST  5520-62 

3)  chemical  composition,  % 

)  not  above 

5)  mechanical  properties 

6)  sheet  thickness,  mm 

7)  at>  kg/mm 

8)  o  ,  kt/mm2 

•  »» 

9)  an,  kg’m/cm  ,  at  temperature,  °C 

10)  not  below 

11)  Application  -  for  production  of  welded  petroleum-refinery 
equipment  operating  at  temperatures  down  to  -^0°C 

12)  II.  Mechanical  properties  at  low  temperatures 

13)  impact  strength  [85] 

19 )  material  state 

15)  an,  kg«m/cm2,  at  test  temperature,  °C 

16)  hot-rolled 

17)  normalized  at  920°C 
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Key  to  page  160 


1)  imfluence  of  aging  on  impact  strength  at  low  temperatures  [86] 

2)  material  state 

3)  sheet  thickness,  mm 

4)  impact  strength  at  +20°C  without  aging,  kg* m/cm2 

5)  impact  strength  (kg*m/cm2)  after  elongation  and  aging 

6)  5%  work  hardening  and  aging 

7)  105?  work  hardening  and  aging 

8)  hot-rolled 

9)  normalized 

10)  III.  Welded  joints  at  low  temperatures 

11)  weld  impact  strength  [85] 

12)  No. 

13)  type  of  welding  wire 

14)  impact  strength  (kg*m/cm2)  of  automatically  formed  weld  at 
temperatures,  °C 

15)  Sv08GA 

16)  Sv08GA 

17)  Svl2M 

18)  Notes.  1.  Chemical  composition  of  filler  metal,  % 

19)  2.  Chemical  composition  of  base  metal,  %:  0.15  C,  0.90  Mn, 

0 .46  Si,  0.022  S,  0.18  P,  0.10  Cr,  0.15  Ni,  0.10  Cu. 
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1  y*«PHM  MJKOCTb  ClapCHHOrO  UlXi  CTaAII  ICfC  (1*17), 
nojtyveHHoro  asTOMaTimecxoA  caapaoA  no*  <mkkom  AH— 348  |86] 


2 

c  Mapxa 
caapoaHO* 

•  npOBMOKM 

n 

TepMHatcxa* 

oOpaOoTxa 

zg  oH,  nr-M/tu*,  npx  TCMneparypt,  *C 

+20 

-20  ' 

—SO 

-40 

Ca-oerA 

6 

20-22 

24-26 

7  Her 

8  HopManH30naii- 
huA  npu  920s  C 

15,5 

19,1 

a 

□ 

5.1 

9.7 

g  Cb-12M 

22-24 

Her 

12 

9,2 

a 

6.0 

10  npxneaiHxa. 

1  ^XuMiiucicuil  coemai  ecapn mm  u not,  % 

12  Mapxa  npoaonoKH 

c 

Mn 

Si 

Mo  | 

s 

.  P 

6  Ca-08r  A 

9  Ca-I2M 

0,13 

0,10 

1.0 

M2 

0,36 

0,38 

olo 

0,032 

0.026 

0,032 

0,028 
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Key  to  page  162 


1)  impact  strength  of  steel  16GS  (16GT)  weld  formed  by  automatic 
welding  under  AN-348  flux  [86] 

2)  type  of  welding  wire 

3)  sheet  thic  .ness,  mm 

4)  heat  treatment 

5)  an,  kg*m,  em2 ,  at  temperature,  °C 

6)  Sv-08G.A 

7 )  none 

8)  normalizea  at  920°C 

9)  Sv-12M 

10)  Note. 

11)  chemical  composition  of  welds 

12)  wire  type 

13)  impact  strength  of  welded  steel  16GS  (3N)  Joint  formed  by 
molten-slag  arcless  electric  welding  under  AN8  flux  [87] 

14)  notch  location 

15)  material  state 

16)  weld  axis 

17)  after  welding 
lo)  after  tempering 

19)  after  normalizing  and  tempering 

20)  edge  of  weld-metal  zone 

21)  at  distance  of  2  mm  from  edge  of  weld-metal  zone 

22)  extremity  of  around-the-weld  zone 

23)  Notes. 

24)  1.  Chemical  composition  of  steel,  % 

25)  metal 

26)  base  metal 

27)  weld 

28)  2.  Tempering  procedure:  soaking  at  650°C  +  10°C,  cooling 
with  furnace  down  to  300°C,  then  in  air.  Normalizing  proce¬ 
dure:  holding  at  920°C  +  10°C,  cooling  in  air.  3.  Plates  95 
mm  thick  were  welded  under  AN8  flux  with  Sv-10G2-type  wire. 
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]  )  Steel  09G2 

2)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  thickness  of  rolled  stock,  mm 

7)  av>  kg/1™2 

8)  at,  kg/mm2 

9)  bending  angle  in  cold  state 

10)  not  below 

11)  Mote.  Bending  angle  determined  on  mandrel  (c)  equal  to 
double  the  sheet  thickness  (a). 

12)  Application  -  for  production  of  chemical  equipment  operating 
at  temperatures  from  -70  to  +500°C.  Used  as  structural  steel 
in  shipbuilding 

13)  II.  Mechanical  properties  at  low  temperatures 

14)  impact  strength  of  heat-treated  steel  [89] 

15)  heat  treatment 

16)  specimen  location 

17)  an,  kg*rn/cm2,  at  temperature,  °C 

1 0 1  ckr,  °C,  at  anm  <_  2  kg»m/ cm2 

19)  normalizing  at  900°C 

20)  lengthwise 

21)  crosswise 

22)  below  -60 

23)  quenching  from  900°C  in  water  with  subsequent  tempering  at 
fi50°C  for  2  hours 

24)  quenching  from  900°C  in  water  with  subsequent  tempering  at 
650°C  for  10  hours 

25)  Notes.  1.  Chemical  composition  of  steel,  %:  0.10  C,  1.59  Mn, 
0.34  Si,  0.033  S,  0.023  P,  0.07  Ni,  traces  Cu.  2.  A  sheet 

11  mm  thick  was  used  for  the  studies.  3.  The  limits  are  given 
in  the  numerator,  and  the  average  impact-strength  values  in 
the  denominator. 
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1)  impact  strength  of  steel  09G2 

2)  type  of  semiproduct 

3)  material  state 
*0  an,  kgvn/cm2 

5)  hot-rolled 

6)  annealed 

7)  13 -mm  sheet 

8)  normalized 

9)  quenched 

10)  quenched  and  tempered 

11)  20-mm  sheet 

12)  l8-mm  bulb 
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0,11 

m 

.0,1 

Q.« 

0,21 

0,04 

9 

111 

0,022 

0,022 

|20  t.  OOpaaau  marcti  tmixrhoI  10  mm  awpaataw  nontpflx  npoxara. 

I  a.  B  laurun  xaau  npaxMM,  a  aiiMUTMl  *•  apWflfft  yxapiol  rrikoctr. 
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1)  continued 

2)  type  of  semiproduct 

3)  material  state 

4)  an,  kgTn/cm2,  at  temperatures,  °C 

5)  tkr*  °C,  at  anm  1  ^  kg*m/cm2 

6)  source 

7)  hot-rolled 

8)  annealed 

9)  below  -100 

10)  13-mm  sheet 

11)  normalized 

12)  data  of  Institute  of  Petrochemical  and  Coal  Tar  Synthesis 

13)  quenched 

1^4)  quenched  and  tempered 

15)  20-mm  sheet 

1 6 )  l8-mm  bulb 

17)  Notes. 

18)  1.  Chemical  composition  of  steel,  % 

19)  sheet  20  ram  thick 

20)  2.  Specimens  cut  from  sheet  20  mm  thick  across  the  roll. 
3.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator 
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1  y*apHaa  aaaxocTb  ctijih,  noAieprHyiofi  CTapemno  [89) 


2  P«*HM  CTApf Rif 

1 

o  Hanpis^cNNe  no  OTHOuieHMio 

J  K  npOK!TK« 

^  aH,  k['-m/cm *,  npH  reMneparype,  *C 

— 5 - 

TKp.  *C,  np« 

^pacTRxceHue 

0  RJiaCTMH 

ISES9 

T20 

0 

-20 

<2  Kr  M/CM • 

PacTaweHHe  ropaMeKaTanoro  MeTan.na 
Ha  10%,  cTapeHiie  b  TeqeHHe  iaca  npH 
250°  C 

1  • 

9 

Baoab 

*10 

IlonepeK 

t 

_  9 

BAoab 

10' 

IlonepeK 

t 

'  -  9 

Baoab 

13,3—15 

14.1 

3. 4- 4, 5 

4.1 

4, 7-5,0 

4,9 

14.4- 15  ■ 

15.3 

8,3-14,4 

10,9 

2. 5- 3, 9 

3.3 

3.8— 4.1 

4.0 

5.6— 10,5 
|  8.2 

1,5-8, 3 

4.4 

1. 2- 3.1 

2,3 

2.9-3, 4 

3.1 

1. 3- 4, 6 

3.1 

-10 

-10 

11 

Hhw*  -20 

-.0  , 

12 

,  To  we,  ho  HopMaainoBaHHoro  MCTan.ia 
1^  ■ 

n  9 

BAOJlb 

„  10 

IlonepeK 

7,8-8,- 

8,2 

7,5-8, 0 

7.7 

5, 2-5,5 

5.4 

11 

HHwe  —20 

npHMeiiHMe.  XhmhmcckhB  coctbb  ii  tojmumhb  jihcti  Te  we,  bto  n  ■  npcAuaymefl  tj  '  rime. 


14  MmiHMajibHue  SHaneHHa  yaapHOfl  taiKOCTii  CTa.m 
a  ropancKaTaHOM  coctohhiiii  h  nocae  TepMimecKoro  CTapemia  [47) 


•15 

To/m<HHa 

JIHCTA 

MM 

4  aB.  *r ■M/cMt,  npH  TCMneparype,  *C 

0 

Toaiuhhb 

JlMCTa 

MM 

15 

4  oM,  *0  m/c.m‘.  np«  TevntpaT) pe.  "C 

16  HCXOAHOe  COCTOHHHC 

^  ‘‘  ’I'-  “ J 

15  iicxo.iHoe  cocTomiKe 

noc/ie  repvsm.oKoro 

17  era pen mr 

+20 

-40 

+20 

—40 

+20 

-40 

» 

+20 

—10  , 

0.5— 1.6 

1,2 

17 

20 

24 

9.7 

9.6 

8,3 

5.4 

4,6 

4.2 

9,9 

10,6 

9.3 

4,5 

0,9 

3,1 

30 

8,0-14,0 

10,2 

3, 4-6,8 

4,5 

in, 1—13,5 
11,0 

II  p  ii  m  f  >i  «  ii  h  r  H  iiic/iiitp.ip  An  ii  m  npf.V’flw,  a  ana  wti.ireAC  —  cpcAiinc  jm.ihciiiih  ya.ipMoft  dajkocth. 
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1)  impact  strength  of  steel  subjected  to  aging  [89] 

2)  aging  procedure 

3)  direction  with  respect  to  rolling 
•O  an,  kg»m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  afim  <_  2  kgvn/cm2 

6)  plate  tension 

7)  specimen  grooving 

6)  \0%  elongation  of  hot-rolled  metal,  aging  for  1  hour  at  250°C 
9)  Lengthwise 
,i0)  crosswise 
:  i  i  low  -2u 

^2)  same,  bit  normalized  metal 

13)  Note.  ChemLcal  composition  and  sheet  thickness  are  the  same 
those  in  the  previous  table 

"J-! )  Finirnum  impact  strength  values  of  hot-rol.'-d  steel  after 
thermal  aging  T^7l 
15  ’■  sheet  thickness,  mm 
i6.)  initial  state 
V' )  after  uheimal  aging 

x'6)  Note.  1  ne  limits  are  given  in  the  numerator,  and  the  average 
impact-s crength  values  in  the  denominator. 


1  yjupMM  laMOCTb  ropatcuTtHol  nun  Ottt  a  suhchmoctm  or  aaju  uiptu  [89| 


II  p  a  m  «  a 
a.  Hup**; 


Tojn*aaa 

3  Tan 

sm 

0484 — 00 

flanpaM*- 

^  aM,«  r-M/CM',  ftp*  T«nn<ptryp«, 

•c 

6 

r  *C.  npa 

jncTt 

MM 

■  Hi  BUpiSKH 
06pi)l(0B 

+20 

-20 

'  -10  ■ 

-40 

-so 

-00 

»,< 

<  2  MT-M/CM  • 

I 

BjJn. 

25,9—22,5 

24,1 

20,2-5,8 

16,8 

13,7-17,4 

15,6 

7,8-16,1 

13,1 

10,7-13,9 

12,$ 

1,1-10,5 

4,9 

-60 

*,  I 

_  8 

IlonepcK 

6, 6-6,0 

7,2 

5, 7-7, 3 

6,4 

5, 5-6, 8 

6.2 

4, 6-6,0 

5,4 

2, 9-5, 5 

3,9 

—70 

11 

11 

1 

t 

6,6— 8,6 

7.3 

4, 0-5,9 

5,4 

— 

4,6-5, 6 

S,i 

08-3.2 

1.9  . 

—45 

III 

8 

nonepex 

5, 8-5, 9 
5,8 

4, 8-6, 4 

5,5 

i 

4, 6-5,2 
4.8 

PBIIl 

3, 5-4, 3 

3,8 

—45 

i 

IV 

f, 

I  - 

» 

5, 0-5, 8 

5.4 

3, 5-4, 7 

4.0 

1 

i  - 

2,1— 3,8 

2.8 

— 

2, 2-2, 4 

2.3 

— 

/ 

22 

1  ’■ 

;  I 

7 

BjVMIb 

20,7-23,4 

22,0 

14,6-19,5 

15,6 

I 

5,7—133 

u.6 

7,2—11,9 

9.5 

9 

Hhhc*  -60 

Q 

r  U 

rione^ex 

10, 6— 11, 3 
10,9 

8,2-9, 1 

8.7 

t  1 

— 

53—6,1 

5.8 

58-7,0 

6.3 

7 

Hhjkc  —60 
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ft. 

puaye.  mm 
rayiau.  mm 

yroa.  rpu . /•  - 

A*.  JLna  accnuoa**aa  npMueaajia  jihct  tmwko>  tl  a  22  mm. 
n  4.  B  aacJiNTUi*  npaaucau  npuuiii,  •  a  *a*ncaiTCji*  —  cpuhh*  macaaa  yupKO*  MiKocra. 


1.  XmhhbccxhH  coctu  criJiMf  %:  0.  IOC:  J,S9Mn:  0.34  Si:  0.033S:  0.023P;  0.07Cr:  0.04NI;  Cu  -  wieau. 
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*') 
... ) 

4) 

5) 

6) 
7) 
&) 
t) 


impact  strength  of  hot-rolled  steel  09G2  as  function  of  notch 
shape  [89] 
sheet  thickness,  mm 
notch  type  according  to  GOST  9454-60 
direction  of  specimen  grooving 
a„,  kg*m/cm2,  at  temperature,  °C 


n  » 

tv,,,  °C  at  a 


'kr» 

1 engthwise 
wi'osswise 
below  -60 
10)  Notes.  1. 

0.34  Si, 
u:  7.  Notch 
12)  type 


n 


<  o 


2  kg»m/cm 


Chemical  composition  of  steel, 
0.033  S,  0,023  P,  0.07  Cr,  0.04 


%: 

Ni, 


0.10  c, 

traces 


1.59  Mn, 
of  Cu. 


13)  radius,  an 
l'i)  depth,  m. 

15)  angle,  dcgi  '-r  . 

1 C)  3,  Sheets  11  and  22  nun  t/nick  were  used  for  the  studies.  1. 

The  limits  are  given  in  the  numerator,  and  the  average  impact 
strength  values  in  the  denominator. 


1  VtMpnu  nyx&KoflHoR  ctmh  09P2  +  X18H9T  [49| 


/* 

3  S3 

^  V 

,  nT-M/tM*.  npa  romfpirypa. 

•c 

2  COCTOlin  HITIMI 

5  atap«> 

■1  OClOBNOkf  MtTIJMt 

6  lliptl  ■■  njUKipyBBttM  eno* 

!§ 

H  * 

+» 

-40 

— ao 

+» 

-to 

-60 

7  B  COCTOKHHH  nOCTIBKH . 

B 

26,3/28,5 

I 

21,3/22,3 

| 

20,0/30,0 

25.7/26,3 

14,6/17,1 

1,5/18,8 

•  '  . 

MM 

33,3/34,4 

29,5/31,0 

19,2/31,6 

20,8/27,6 

23,8/25,0 

14,0/16,2 

8  OrnymeHHuft  np«  650—670°  C  b  re- 
aeaae  2  a  a  ouiaxMHHuA  hb  B03Ayxe 

12 

26,3/26,9 

27,5/28,5 

25,9/26,6 

31,3/36,6 

24,8/36.7 

2,2/20,9 

'• 

s 

27,0/31,2 

29,0/30,3 

*24,1/30,0 

30,5/30,7 

13,3/30,3 

11,0/33,5 

9  HopmuhsouhhuA  npa  920°  C  b  re- 
aeaae  uci  . 

12 

31,0/36,3 

27,3/36,7 

20,0/27,9 

26,3/26,3 

16,8/17,0 

2,1/4, 6 

/ 

29,5/27,3 

24,4/27.5 

23,l/26t3 

23,4/25,9 

2,2/20,0 

11,0/12,9 

1 0  HopMMHioBBHHuA  npa  920°  C  B  Te- 
aeHHe  aaca,  ornyweHHuA  npH  650— 
670°  C  b  TeaeaHe  2  a  c  nocneAynmHM 
ouiaaueHHeM  Ha  aoiAyxe . 

12 

29,4/32,1 

29,4/36,7 

27.5/28.1 

34,5/37,5 

• 

27,5/35.7 

2,1/36.6 

31,3/32,7 

29,4/32,0 

27.8/30,5 

28,4 

11,2/12,11 

9,4/12.2 

11  SaaueHHul  c  920”  C  b  TeweHHe  aaca 
a  bom  a  ornyuteHHuA  npn  650—670°  C 
•  TeaeHHe  2  a  c  nocneAynmHM  oxnaxtne- 

12 

31,0/37,5 

30,3 

31,3 

29,4 

36,3 

3.0 

~37J~ 

~343F" 

32,7 

36,3 

28.8 

\ 

> 

29,8 

35,6 

25.7 

29,4 

28.7 

“5uT 

28,8 

w 

27,5 

28,8 

11,6 

27,9 

12  ■Htimum.  B  «iwm  whhm«jhim«,  «  ■  mimiTMt  M«nciin»;iniue  »h»*chii«  rn* P»oX  ■«»koctm. 
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1)  impact  strength  of  two-layered  steel  09G2  +  Khl8N9T  [49] 

2)  metal  state 

3)  sheet  thickness,  mm 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  notch  in  base  metal 

6)  notch  in  cladded  layer 

7)  in  as-delivered  state 

8)  tempered  at  650-670°C  for  2  hours  and  cooled  in  air 

9)  normalized  at  920°C  for  1  hour 

10)  normalized  at  920°C  for  1  hour,  tempered  at  650-670°C  for 
2  hours  with  subsequent  cooling  in  air 

11)  quenched  from  920°C  for  1  hour  in  water  and  tempered  at  650- 
6 70°C  for  2  hours  with  subsequent  cooling  in  air 

12)  Note.  The  minimum  impact-strength  values  are  given  in  the 
numerator,  and  the  maximum  values  in  the  denominator. 


unjtfk, {!.!#(<■!■  m-  nr',  I 


1  III.  CmAotm  ciapHUX  OOIAHHIHHD  npH  HNIKNX  Tiiflipiryptx 
2  y*»PH.«  uiMCTk  uiaoa  ctmh  09  ft,  rwiyMOHHM*  MT®p»TH1#ewl|  CllpxoA 


Coctojmm  McnUTyt* 
2  Moro  maa 


.  6 

nooie  CXpKH 

7 

flOCM  CTapCHHR  . 


4  aH,  npH  TMMpftypf,  *fl 


+20 


0 

12,9-18,? 

•irr- 

J±±2- 

2.8 

8  nP""*"*""  "s  *•  Xiii»n«iee««l  coctii  CTMH,  H*  0. IQO)  0,»«SI;  0.0MP; 

0,013  &  0,07Cr;  0.D4NI;  Cu  —  cjicam. 

1.  iLM  mccjI'AORIHiiR  npHMetlMH  JIKtTM  TMVKKOt  II  44  (oOpilllM  THIU  I  no  TOCT 
•4*4—1):  ncKyccTMHHo*  CTiptum  NatuiinoM  IWIMHINO  no  TOCT  |8»4— »4. 

I.  B  uc4>nM  Amu  npcAMU,  i  ■  inihuutOAI  -  cpUKM  IHM0HM  WpHPl  Mikoctn. 


q  yjapnaa  aaaaocTb  uiaoa,  CNpfHHHX  >  cpua  yrMKHcaoro  r«M 

ua  ctmh  09H  [62J 


10 

MapKA 

npoaoaoKN 


12  Ca-08r2CA 


• 

4  *r-A/M»,  npH  raanaparypi,  *C 

+20 

f 

-10 

HO 

16,0-184 

16,1 

104-12,9 

“fa”. 

„  s  «. 

7,4r-9,0 

«h  noc«-,  -i 

mXONHM-L-L 

CKOTO  CTipO" 
RHi  npH 
+M*C 
Kt-M/ CM* 


0,9-7, 2 


13  np«X44l«M«:  I.  MexiNHXCCKO*  OTtpORHO  MMIORMOeb  I  piCTRRMRHR  HR  10%  N 
■arptMAO  ISO*  C  ■  TCMHM*  R1CI> 

I.  B  MC4ITMC  ARHU  npCAtAU,  ■  |Hf  MHiTOAl  -  CpMHHt  IRMIHHR  yAtpROl  RRIKOCTH. 


ll|  yjupHaa  aaiaocTb  uiaoa  ctmh  09n,  nwyHOHHHX  MCKTpouuuKoaoA 
caapROft  h  a  cpui  yratKHCMro  raaa  (fiO) 


«H,  *T’*ft**,  npn  nantpirypa,  *C 


1)  III.  Properties  of  welded  joints  at  low  temperatures 

2)  impact  strength  of  steel  09G2  weld  formed  by  automatic  welding 
with  Sv-08  wire  under  AN-384A  flux  [90] 

3)  state  of  weld  tested 

4 )  an»  kg •m/cm2,  at  temperature,  °C 

5)  t^j,,  °C,  at  &nmi  <  2  kg*m/cm2 

6)  after  welding 

7)  after  aging 

8)  Notes.  1.  Chemical  composition  of  steel,  %:  0,10  C,  1.59  Mn, 
0.34  Si,  0.023  P,  O.C33  S,  0.07  Cr,  0.04  Mi,  traces  of  Cu. 

... ,  Sheets  12  mm  thick  (type  I  specimens  according  to  GOST 
9454-60)  were  used  for  the  studies;  artificial  aging  by  work 
hardening  was  carried  out  in  accordance  with  GOST  6994-04.  3. 
The  limits  are  given  in  the  numerator,  and  the  average  impact- 
strength  values  in  the  denominator. 

5)  impact  strength  of  welds  formed  in  steel  09G2  m  carbon 
dioxide  medium  [52] 

.10)  wire  type 

11)  an  after  strain  aging  at  +20°C,  kg*m/cm2 

12)  SV-08G23A 

13)  Notes.  1.  Strain  aging  consisted  of  105?  elongation  and  heat¬ 
ing  t.o  250° C  for  1  hour.  2.  The  limits  are  given  in  the 
numerator,  and  the  average  impact-strength  values  in  the 
denominator . 

14)  impact  strength  of  steel  09G2  welds  formed  by  molten-slag 
arcless  electric  welding  and  in  carbon  dioxide  medium  [50] 

15)  sheet  thickness,  mm 

16)  weld,  with  notch  along  center 

17)  base  metal,  notch  in  weld-metal  zone. 

18)  molten-slag  arcless  electric  welding  with  Sv-10G2  wire  under 
OSTs-45  flux 


1  npodOAXCHUt 


1  2 
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VflJIJI,  n  SI  Ape  3 
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24 
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11,0-13,6 

1, 0-7,1 
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IU 

12.4 

4.1 

12,0 

30 

'18,1-11,8 

7.7-8,! 

1,1  -8,2 
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7,8 

4,1 

6,2 

6  Ctapxa  i  cpedt  yeitKUCAoeo  easa  npotOAOxod  Ci-08  F2C 


12,1-14,1 

8, 0-9, 4 

6, 8-8, 6 

3, 9-5, 6 
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8.4 
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4,8 

13,1-15,0 

10,6-15,4 

8,0-11,8 

6.1-10.2 

4 

14,1 

12,9 

8,6 

7  npniuR  h-n: 

,8  *•  Cocmai  cmoAU,  %: 
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n 

Si 
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Mn 

Cr 

Nl 

Cu 
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‘  10 

mm 
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Ji 

0,23 
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0.25  - 

0,14 

mmwm 

•  0,14 

SO 

Ittfl 

0,28 

IBB 

0.14 
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0,24 
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10  2.  B  XNCJUTMt  AINU  nptACNU,  ■  INiMCNtTCN*  —  eptANNN  IXMCXM*  yAtpHoft  INIXOCTa 


ii  CTa/ib  lore 

121.  ChAotii  npM  +20°  C  no  fOCT  4543—61 


13  XhmhmcckhA  coctu,  % 
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Mn 

SI 

•  s 

MB  | 

Nl 

Cu 

1^1  xe  Gone* 

0,07-0,15 

1,20-1,60 

0,17-0,37 

0,035 

0,035 
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0,25 
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I 
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1)  continued 

2)  an,  kg*m/cm2,  at  temperature,  °C 

3)  sheet  thickness,  mm 

^ )  weld  with  notch  along  center 

5)  base  metal,  notch  in  weld-metal  zone 

6)  welding  in  carbon  dioxide  medium  with  Sv-08G2S  wire 

7)  Notes. 

8)  1.  Steel  composition,  % 

9)  traces 

10)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 

11)  steel  10G2  ' 

12)  I.  Properties  at  +20°C  according  to  GOST  ^5^3-61 

13)  chemical  composition,  % 

1^ )  not.  above 
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10  II.  MauNNiMima  aaaXarai  i^n  nnihnx  riMaparypix 
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1)  mechanical  properties 

2)  HB,  kg/mm2  not  above 

3)  av,  kg/mm2 
k )  at,  kg/mm2 

5)  heat  treatment 

6)  not  below 

7)  normalizing 

8)  Note.  Hardness  is  given  for  the  steel  in  the  annealed  or 
tempered  state. 

9)  Application  -  for  production  of  welded  and  pressed  comp.  n  nts 
of  low  strength,  as  well  as  for  production  of  piping  and 
equipment  for  oil  deparaffination. 

10)  II.  Mechanical  properties  at  low  temperatures 

11)  tensile  strength  [109] 

12)  temperature,  °C 

13)  elastic  modulus  [111] 

14)  E,  kg/mm2 

15)  impact  strength  [111] 

16)  an,  kg*m/cm2,  at  temperature,  °C 

17)  900°C  annealing 

18)  900°C  normalizing 

19)  900°C  quenching,  500°C  tempering 

20)  Note.  Chemical  composition  of  steel,  %i  0.17  C,  1.23  Mn, 

0.28  Si,  0.13  Cr,  0.033  Si,  0.028  P. 
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X  Bahihhc  cTapcHH*  hi  yiapHyn  aaixocTi  ctmh 
npH  HH3NHX  reMncpaTypax  [91] 
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7  III.  CboRotbi  eiapNux  cmanhbnnN  npH  hhiknx  TtMnapuypax 
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Key  to  page  182 

1)  influence  exerted  by  aging  on  impact  strength  of  steel  at 
low  temperatures  [91] 

2)  material  state 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  in  as-delivered  state 

5)  after  8$  elongation  (transverse  to  direction  of  rolling)  and 
holding  at  200°C  for  2  hours 

6)  Notes.  1.  Chemical  composition  of  steel,  $:  0.15  C,  1.6  Mn, 
0.24  Si,  0.025  S,  0.015  P.  2.  Sheets  10  mm  thick  were  used 
for  the  studies.  3.  The  limits  are  given  in  the  numerator, 
and  the  average  impact-strength  values  in  the  denominator. 

7)  III.  Properties  of  welded  joints  at  low  temperatures 

8)  mechanical  properties  of  welded  steel  10G2  Joints  [91] 

9)  sheet  thickness,  mm 

10)  welding  procedure 

11)  av,  kg/mm2 

12)  manual  electric  welding  with  VSN-3  electrode  with  08N3  wire 

13)  Notes.  1.  Chemical  composition  of  steel,  $:  0.15  C,  1.6  Mn, 
0.24  Si,  0.025  S,  0.015  P.  2.  In  tensioning,  the  specimens 
failed  in  the  base  metal.  3.  The  limits  are  given  in  the 
numerator,  and  the  average  impact-strength  values  in  the 
denominator. 

14)  an,  kg*m/cm2 

15)  temperature,  °C 

16)  Fig.  42.  Impact  strength  of  base  metal  and  steel  10G2  welds 
after  aging.  1)  base  metal  (10  mm  sheet)  steel  10G2  (0.15$  C, 
0.24$  Si,  1.6$  Mn,  0.025*  Si,  0.015$  P)>  2)  welded  joint 
formed  by  VSN-3  electrode  with  steel  08N3  wire 
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l  Cia/ib  14T2 

2  I.  CboRctbb  npH  +20°  C  no  TOCT  5058-57 
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12  II.  Moxihhhookmo  cboHctbb  npn  hmskhx  TonnopiTypax 


13  IIpOMHOCTb  npH  ptCTflKCHHH  [80] 
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Key  to  page  184 

1)  steel  14G2 

2)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  thickness  of  rolled  stock,  mm 

7)  ov,  kg/mm2 

8)  at,  kg/mm2 

9)  bending  test  in  cold  state 
Note.  Bending  angle  is  determined  on  mandrel  (c)  equal  to 
double  the  sheet  thickness  (a). 

Application  -  for  production  of  large-scale  sheeting  for 
welded  structures  (dust  collectors,  blast  stoves  for  blast 
furnaces  and  plant  columns) 

II.  Mechanical  properties  at  low  temperatures 
tensile  strength  [80] 
test  temperature,  °C 

av 
°t 

kg/mm2 

Notes.  1.  A  sheet  20  mm  thick  was  used  for  the  studies.  2. 
The  specimens  were  cut  from  sheets  opposite  to  the  direction 
of  rolling. 
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15) 
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17) 
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Key  to  page  186 


1)  impact  strength 

2)  sheet  thickness,  mm 

3)  material  state 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  anmin  <  4  kg*m/cm2 

6)  source 

7)  hot-rolled 

8)  annealed 

9)  data  of  the  Institute  of  Petrochemical  and  Coal  Tar  Synthesis 

10)  normalized 

11)  normalized  and  tempered 

12)  quenched  and  tempered 

13)  below  -60 
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1)  continued 

2)  sheet  thickness,  mm 

3)  material  state 

4)  an,  kg»m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  anmln  <  4  kg-m/cm2 

6)  source 

7)  hot-rolled 

8)  annealed 

9)  normalized  and  tempered 

10)  quenched  and  tempered 

11)  data  of  the  Institute  of  Petrochemical  and  Coal  Tar  Synthesis 

12)  Notes.  1.  The  limits  are  given  in  the  numerator  and  the  aver¬ 
age  Impact-strength  values  in  the  denominator. 

13)  2.  Chemical  composition  of  steel,  % 
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m«  yjupny»  innorTb  ropmcxtTiHol  ctmh  14  n  [92] 


3 

O  riMOMtRM 

i 

oT-m/tM*,  npa  nnn«piTyp«,  *C 

• 

th 

J  oflpiau* 

+J0 

0 

-20 

—40 

10 

5  B*Mb 

12,2-13,7 

12,0-12,7 

8,4-15,0 

5,0-13,0 

0,75-0,75 

ii.4 

12,4 

“TH 

J  7,3 

0,75  j 

6llonepeK 

8, 8-8, 8 

8,5-12,0 

3, 9-5, 5 

1.7-2, 2 

0,75-0,9  I 

8,8 

H)X“ 

4,7 

1,95 

0,84  i 

20 

.  5  Bwik 

18,7-18,0 

12.0-14,0 

10,2-12,8 

1,6-11,5 

1.2-5, 5 

16,5 

12,7 

11,5 

7,83 

”  3,25 

6rionepeK 

6, 7-7, 5 

45—5,2 

3, 7-5, 5 

0,6—55 

.  1.8-4, 8  i 

7,4 

4,9 

4,55 

3,52  . 

/  3.4  '  : 

30 

■ 

5  BiMb 

14,0-14,7 

10,4-19,0 

9,8-10,1 

3.7-14,0 

1.2— 4,3  i 

14,5 

l6,8 

2.5 

2,4 

6llonep«K 

7,3-7, 8 

5, 5-6,0 

5, 0-6, 2 

6,0— 6,9 

1,2—45  j 

7,46 

5,7 

5,48 

8,36 

4.7  ; 

r.  Xuauueaud  coemai  tmaiu,  %  I 


i 

i 

2 

^ i 

hr 

r*  *1  M. 

Mn 

SI 

Cu 

Nl 

Ct 

s 

P 

- 

10 

0,10-0.10 

1,93—1,34 

0,30-0,37 

0,04 

0.02 

CaenM 

0,030 

0,021-0.022 

»  ' 

to 

0,10 

1,22-1,23 

0.30-0,41 

0,04 

0,02 

» 

0,032 

0.023  -  0.02? 

ao 

0,10 

1,10 

0.30—0,30 

0,04 

Ol«*H 

0,00 

0,027- 

0.023-0.021 

0.031 

ft  3.  B  nuiHTMe  iiih  npcicxu,  ■  iHiMeiarcjit'  —  cp*ahm  (■•<(>■■  yxipNol  iiikocti. 
u  1.  rK p  main y  —40  n  —00*  c. 
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Key  to  page  190 

1)  influence  of  sheet  thickness  and  rolling  direction  on  impact 
strength  of  hot-rolled  steel  14G2  [92] 

2)  sheet  thickness,  mm 

3)  location  of  specimen 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  lengthwise 

6)  crosswise 

7)  Notes.  1.  Chemical  composition  of  steel,  % 

8)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator,  3.  t^r  between 
-40  and  -60°C. 

9)  impact  strength  of  heat-treated  steel  [89] 

10)  heat  treatment 

11)  t^j.,  °C,  at  anmin  <_  2  kg*m/cm2 

12)  normalizing  at  900°C 

13)  below  -60 

14)  quenching  from  900°C  in  water  with  subsequent  tempering  at 
650°C  for  2  hours 
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1)  continued 

2)  heat  treatment 

3)  specimen  location 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  anmln  <  2  kg»m/cm2 

6)  quenching  from  900°C  in  water  with  subsequent  tempering  at 
650°C  for  10  hours 

7)  crosswise 

8)  below  -60 

9)  Notes.  1.  Chemical  composition  of  steel,  %:  0.16  C,  1.JJ0  Mn, 
0.31  Si.  0.033  P,  0.023  S,  0.26  Cr,  0.06  Ni,  0.09  Cu.  2. 

Sheets  12  mm  thick  (type  I  specimens  according  to  GOST  9^54-60) 
were  used  for  the  studies.  3.  The  limits  are  given  in  the 
numerator,  and  the  average  impact-strength  values  in  the 
denominator. 

10)  impact  strength  of  steel  subjected  to  aging  [89] 

11)  aging  procedure 

12)  direction  with  respect  to  rolling 

13)  plate  tensioning 
1*0  specimen  grooving 

15)  10%  elongation  of  hot-rolled  metal,  aging  at  250°C  for  1 
hour 

16)  lengthwise 

17)  same,  but  normalized  metal 

18)  below  -20 

19)  impact  strength  of  hot-rolled  steel  as  function  of  notch 
shape  [89] 

20)  notch  type  according  to  GOST  9*45^-60 

21)  notch  depth,  mm 

22)  notch  radius,  mm 
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1)  continued 

2)  notch  type  according  to  GOST  9454-60 

3)  notch  depth,  mm 

4)  notch  radius,  mm 

5)  specimen  location 

6)  an,  kg*m/cm2,  at  temperature, °C 

7)  crosswise 

8)  tUri,  °C,  at  an  <2  kg*m/cm2 

I]min 

9)  lengthwise 

10)  Notes.  1.  Chemical  composition  of  steel,  %:  0.16  C,  1.40  Mn, 
0.31  Si,  0.033  P,  0.023  S,  0.26  Cr,  0.06  Ni,  0.09  Cu.  2. 

The  notch  angle  is  45°  for  the  type-IV  specimen. 

11)  III.  Welded  joints  at  low  temperatures 

12)  impact  strength  of  steel  14G2  welds  formed  by  automatic 
welding  with  Sv-08  wire  under  AN-348A  flux  [90] 

13)  state  of  weld  tested 

14)  tkr,  °C,  at  anmln  <  2  kg*m/cm2 

15) '  after  welding 

16)  below  -60 
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1)  continued 

2)  state  of  weld  tested 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  t^r ,  °C,  at  anmj_n  <  ^  kg*m/cm2 

5)  after  aging 

6)  Notes.  1.  Chemical  composition  of  steel,  %:  0.18  C,  1.64  Mn, 
0.36  Si,  0.034  P,  0.022  S,  0.22  Cr,  0.06  Ni,  0.15  Cu.  2. 

Sheets  12  mm  thick  (type-I  specimens  according  to  GOST 
9454-60)  were  used  for  the  studies.  3.  Artificial  aging  by 
work  hardening  was  carried  out  in  accordance  with  GOST  69 96-54. 
4.  The  limits  are  given  in  the  numerator  and  the  average 
impact-strength  values  in  the  denominator. 

7)  Steel  09G2S  (M),  09G2T  (M),  09G2DT  (M) 

8)  I.  Properties  at  +20°C  according  to  GOST  5520-62 

9)  chemical  composition,  % 

10)  not  above 

11)  mechanical  properties  (not  below) 

12)  sheet  thickness,  mm 

13)  ov,  kg/mm2 

14)  at,  kg/mm2 

15)  Application  -  for  production  of  welded  equipment  and  vessels 
operating  under  pressure  and  at  temperatures  from  -70  up  to 
+450°C.  Used  as  a  structural  steel  in  shipbuilding. 
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1)  II.  Mechanical  properties  at  low  temperatures 

2)  impact  strength  of  rolled  stock  [85] 

3)  sheet  thickness,  mm 

4)  an,  kg*m/ cm2 

5)  in  crude  state 

6)  after  normalizing  at  920°C 

7)  Note.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 

8)  average  impact  strength  of  normalized  rolled  steel  stock  as 
function  of  temperature  [85] 

9)  an,  kg*m/cm2,  at  temperature,  °C 

10)  influence  exerted  by  high  tempering  on  impact  strength  of 
artificially  aged  steel  [85] 

11)  an  after  10%  elongation  and  aging,  kg*m/cm2 

12)  after  650°C  tempering 

13)  for  crude  rolled  stock 

14)  for  normalized  rolled  stock 

15)  influence  of  degree  of  strain  aging  of  normalized  rolled 
stock  on  impact  strength  at  reduced  temperatures  [85] 

16)  an,  kgvn/cm  ,  in  initial  state  at  +20°C 

17)  after  aging  with  deformation  of 


-199- 


iy«(mu  ■•SBOCTb  ctmn  OinC  (M)  nocw  ae+opauiiMOHHoro 
TcpMH<MCKor*  craptHHi  [93] 


PtXBM  2 
crapaaaa 


3  TtpmaMxaa 
•dptOoTKt  ntpaj 
aripaaaaM 


Bo  nipnu 


6 

Bes  TtpMHMC* 
CKOA  oOpiOOTKH 

7  Ornycu 


Haiuen 

(pKTixeNHt 
ll  10%) 


8  HopMMHSaUHR 

9  'HOpMUNMItM  fl 
N  ornycx 

6  Bes  TepMHMt- 
cicoA  oOpaOorxH 

7  Omycic  « 

8  HopnaaMsamta 


llBwepma* 
npa  620*0 
I  TtaeHHe  2  a, 
OxJiaxxeHHe 

a  kji 

e  ituepxKoA 
.  30  cyroK 
npa  +20*  C 


Hop  mm  a  hum  a 
omycK 

6  Bes  TepMH<w- 
ckoA  oOpaOtiTKH 

7  Ornyca 

8  HopMMHSSUHR 

9  HopMajiusmaa 
n  omycK 


^*a* 

tf-M/tu*,  npa  reunaptrypa,  *C 

+» 

0 

-10 

-20 

13,6—20,6 

— 

1,6—19,5 

11,0-19,5 

— 

— 

2,0-13,0 

17,7-27,4 

— 

— 

14,2-26,6 

16,8-21,0 

— 

— 

10,5-20,5 

1,9-6, 2 

0,8— 1,7 

0.4-1 ,4 

0,4-0, 9 

4,0-9, 0 

o 

V. 

1 

#o 

b» 

0,5-3, 4 

6,5-10,0 

3,  l-r-7,6 

0, 9-8,9 

1,0-2, 5  * 

7,6-13,0 

3,6-11,8 

0,9— 5,4 

0,6 — 3,1 

11,9-22,0 

16,6-19,4 

0,8-16,6 

0,8-15,3 

6,7-18,7 

15,3-17,2 

1,2-16,8 

1,8-14,7 

17,4-36,2 

19,2-31,6 

11,9-26,6 

14,0-30,2 

12,6-28,2 

11,6-29,2 

12,2-27,1 

^■^tlpaMaaaaaa:  I.  XauHatcnaa  cocns  ctijih,  %:  0,1 1— 0,12  Ci  1.35  —  1,63  Mir,  0,43— 
(.MSI;  0,07-0.11  Cr;  0,00-0,03  Nl;  0,25-0,27  Cu;  0,010-0.012  Tl. 

I.  Aaa  aecJiawoaaaaa  npamaana  Jiacru  tooluhho*  70—160  mm.  . 

3.  naaa  Tapaaracao*  oOpaOoTaa:  aopMuiaiaitaa  npa  220  ±  10*  C,  oxaaagiaaaa  at  aoi- 
jutm.  atnyea  620  ±  10*  C,  oxjiiautaaa  c  n«un  so  300*  C  aaxaii  aa  aoasyxc. 


13  III.  CaaHeraa  oaapHux  eooAHHaHHH  npM  hnikmx  TaMnapaTypax 

14  yjupNaa  aasaocTb  maos  crajm  09r2C,  nojiyvtHHUx 
MMyaaroMTMoacMi  caapaoA  ■  cpui  yraeuicaoro  rasa  [37] 


15Mapa« 

ctipoaa«a 

apoaMoaa 

16 

Macro  aupaaaa 
oApatqoa 

A  1  rypa,  *C 

+ao 

-20 

-40 

-ao 

18 

Ctoarac 

19 

OchomoI  xerajM 

Ulo.  20 

19,0—193 

16,0-17,0 

13,7—162 

13,0—14,0 

19,1 

163-173 

lM 

133-172 

14,2 

8,9-122 

.  13,5 

102-103 

•  17,1 

1  15,6 

lfl,7 

i0,4  ‘ 

y 


Key  to  page  200 


1)  impact  strength  of  steel  09G2S  (M)  after  thermal  strain 
aging  [93] 

2)  aging  procedure 

3)  heat  treatment  prior  to  aging 

4)  an,  kg'm/cm2,  at  temperature,  °C 

5)  without  aging 

6)  without  heat  treatment 

7)  tempering 

8)  normalizing 

9)  normalizing  and  tempering 

10)  work  hardening  (10$  elongation) 

11)  holding  at  620°C  for  2  hours,  cooling  in  water  with  holding 
for  30  days  at  +20°C 

12)  Notes.  1.  Chemical  composition  of  steel,  %:  0.11-0.12  C,  1.35- 
1.53  Mn,  0.43-0.56  Si,  0.07-0.11  Cr,  0.06-0.08  Ni,  0.25- 

0.27  Cu,  0.010-0.012  Ti.  2.  Sheets  70-160  mm  thick  were  used 
for  the  studies.  3.  Heat-treating  procedure:  normalizing  at 
920  +  10°C,  cooling  in  air,  tempering  at  620  +  10°C,  furnace 
cooling  down  to  300°C,  then  in  air. 

13)  III.  Properties  of  welded  Joints  at  low  temperatures 

14)  impact  strength  of  steel  09G2S  welds  formed  by  semiautomatic 
welding  in  carbon  dioxide  medium  [37] 

15)  type  of  welding  wire 

16)  location  of  specimen  grooving 

17)  impact  strength,  kgvn/cm2,  at  temperature,  °C 

18)  Sv-08G2S 

19)  base  metal 

20)  weld 
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1)  continued 

2)  type  of  welding  wire 

3)  location  of  specimen  grooving 

4)  impact  strength,  kg*m/cm2,  at  temperature,  °C 

5)  Sv-08A 

6)  weld* 

7)  Notes. 

8)  1.  Chemical  composition  of  steel,  % 

9)  metal 

10)  base 

11)  weld 

12)  2.  Sheets  10  mm  thick  were  used  for  the  studies.  3.  The  limits 
are  given  in  the  numerator,  and  the  average  impact-strength 
values  in  the  denominator. 

13)  impact  strength  of  joints  formed  by  automatic  submerged- 
arc  welding 

14)  type  of  welding  wire  according  to  GOST  2246-54 

15)  sheet  thickness,  mm 

16)  heat  treatment  of  welds 

17)  an,  kg*m/cm2,  at  temperature,  °C 

18)  under  AN-348  flux  [85] 

19)  Sv-08  GA 

20)  none 

21)  normalizing  at  930°C 

22)  Sv-12M 

23)  under  OSTs-45  flux  [84] 

24)  Sv-08 
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1)  continued 

2)  type  of  welding  wire  according  to  GOST  2246-54 

3)  sheet  thickness,  mm 

4)  heat  treatment  of  welds 

5)  an,  kg*m/cm2,  at  temperature,  °C 

6)  Sv-08G 

7 )  none 

8)  Notes. 

9)  1.  Chemical  composition  of  steel,  % 

10)  metal 

11)  Sv-08GS  welding  wire 

12)  Sv-12M  welding  wire 

13)  base 

14)  2.  The  minimum  impact-strength  values  are  given  in  the  numer¬ 
ator,  and  the  maxima  in  the  denominator. 

15)  impact  strength  of  steel  09G2S  in  around-the-weld  zone  (1.5 
mm  from  edge  of  weld-metal  zone)  with  molten-slag  arcless 
electric  welding  [931 

16)  metal  state  before  welding 

17)  position  of  weld  with  respect  to  direction  of  rolling 

18)  without  heat  treatment 

19)  lengthwise 

20)  crosswise 

21)  normalized  at  920°C 
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1)  continued 

2)  sheet  thickness,  mm 

3)  metal  state  before  welding 

4)  position  of  weld  with  respect  to  direction  of  rolling 

5)  an,  kg#m/cm2,  at  temperature,  °C 

6)  normalized  at  920°C 

7)  lengthwise 

8)  crosswise 

9)  tkr,  °C,  at  an  <  3  kg»m/cm2 

10) without  heat  treatment 

11)  Notes. 

12)  1.  Chemical  composition  of  steel,  % 

13)  2.  Welding  was  accomplished  with  Sv-10G2  wire  under  AN-348A 
flux.  3.  The  limits  are  given  in  the  numerator,  and  the  aver¬ 
age  impact-strength  values  in  the  denominator. 
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Key  to  page  208 

1)  effect  of  strain  aging  on  impact  strength  of  heat-treated 
joint  for  ed  in  steel  09G2S(K)  by  molten-i-slag  arcless  elec¬ 
tric  welding  [94] 

2)  notch  location 

3)  metal  state 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  t^p,  °C,  at  an  _>  3  kg*m/cm2 

6)  weld  axis 

7)  after  welding 

8)  above  20 

9)  after  tempering  at  620°C 

10)  after  normalizing  at  920°C  and  subsequent  tempering  at  620°C 

11)  about  -10 

12)  coarse-grain  section  of  weld-metal  zone  (1.5  nun  from  Junc¬ 
tion  line) 

13)  about  20° 

14)  above  0° 

15)  about  -15° 

16)  Notes. 

17)  1.  Chemical  composition  of  steel,  % 

18)  metal 

19)  base 

20)  Sv-10G2  welding  wire 

21)  continued 

22)  2.  Molten-slag  arcless  electric  welding  with  Sv-10G2  wire 
under  AN-8  flux.  3.  Sheets  70-160  mm  thick  were  used  for 

the  studies.  4.  Strain  aging  in  accordance  with  GOST  6996-54. 
5.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 
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1)  effect  of  notch  shape  on  impact  strength  of  molten-slag 
arcless  electric  weld  in  steel  09G2S  [94] 

2)  type  of  heat  treatment 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  after  welding 

5)  after  normalizing  at  920°C  and  tempering  at  620°C 

6)  continued 

7)  Notes.  1.  See  the  preceding  table  for  chemical  composition. 

2.  Molten-slag  arcless  electric  welding  with  Sv-10G2  wire 
under  AN-8  flux.  3.  Notch  shape  on  specimens:  a)  standard; 
b)  key;  c)  acute-angled.  4.  Sheets  70-160  mm  thick  were  used 
for  the  studies. 

8)  an,  kg*m/cm2 

9)  2  mm 

10)  temperature,  °C 

11)  Pig.  43.  Impact  strength  of  steel  09G2S(M)  (0.15%  C;  1.8455 
Mn;  0.2755  Si;  0.2955  Cu;  0.0355  Cr;  0.026T  P;  0.01955  S)  sheet 
12  mm  thick  as  function  of  test  temperature  and  notch  radius 
[12] 
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Key  to  page  212 

1)  an  kg’m/cm2 

2)  test  temperature,  °C 

3)  temperature,  °C 

4)  logarithmic  scale 

5)  Fig.  44.  Change  in  impact  strength  of  rolled  steel  09G2S(M) 
stock  (0.11%  C;  1.47*  Mn;  0.56)?  Si;  0.025*  Si;  0.01*  P;  0.07* 
Cr;  0.06*  Ni;  0.25*  Cu;  0.012*  Ti)  90  mm  thick  as  function  of 
temperature,  a)  with  rolling;  b)  against  rolling;  1)  without 
heat  treatment;  2)  after  tempering  at  620°C;  3)  after  nor¬ 
malizing  at  920°C;  4)  after  normalizing  at  920°C  and  temper¬ 
ing  at  620°C  [93] 

6)  Fig.  45.  Change  in  impact  strength  of  rolled  steel  09G2S(M) 
stock  (0.11*  C;  1.53*  Mn;  0.50*  Si;  0.028*  S;  0.018*  P;  0.11* 
Cr;  0.08*  Ni,  0.26*  Cu;  0.011*  Ti)  160  mm  thick  as  function 
of  temperature,  a)  against  rolling;  b)  with  rolling.  1)  with¬ 
out  heat  treatment;  2)  after  tempering  at  620°C;  3)  after  nor¬ 
malizing  at  920°C;  4)  after  normalizing  at  920°C  and  temper¬ 
ing  at  620°C  [93] 
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1)  an,  kg*m/cm2 

2)  test  temperature,  °C 

3)  logarithmic  scale 

4)  Pig.  46.  Change  in  impact  strength  of  rolled  steel  09G2S(M) 
stock  (0.11-0.12$  C;  1.35-1.53$  Mn;  0.43-0.56$  Si;  0.07- 
0.11$  Cr;  0.0-0.08$  Nij  0.25-0.27$  Cu;  0.010-0.012$  Ti; 
0.020-0.028$  S;  0.017-0.026$  P)  after  strain  aging  as  func¬ 
tion  of  temperature,  a)  90  mm  thick,  against  rolling;  b) 

90  mm  thick,, with  rolling;  c)  160  mm  thick,  against  rolling; 
d)  160  mm  thick,  with  rolling.  1)  without  heat  treatment;  2) 
after  tempering  at  620°C;  3)  after  normalizing  at  920°C;  4) 
after  normalizing  at  920°C  and  tempering  at  620°C.  Aging: 

10$  drawing  and  holding  at  +250°C  for  1  hour.  Specimens  are 
cut  opposite  to  direction  of  draw  [93] 
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1)  an,  kg»m/ cm2 

2)  temperature,  °C 

3)  Fig.  47.  Curves  showing  change  in  impact  strength  of  manually 
formed  weld  and  edge  of  weld-metal  zone  in  steel  09G2S  speci¬ 
mens  12  mm  thick  prior  to  aging.  1)  base  metal  opposite 
direction  of  rolling;  2)  edge  of  weld-metal  zone;  3)  final 
weld,  OMM-5  electrode;  4)  second  and  final  layer  of  weld;  5) 
final  layer  of  weld,  UONI-13/55  electrodes;  6)  second  and 
final  layer  of  weld  [84] 

4)  test  temperature,  °C 

5)  logarithmic  scale 

6)  Fig.  48.  Change  in  impact  strength  of  weld  metal  formed  by 
molten-slag  arcless  electric  welding  steel  09G2S(M)  70-160  mm 
thick  (0.11-0.12$  C;  1.35-1.53$  Mn;  0.23-0.56$  Si;  0.07- 
0.11$  Cr;  0.06-0.08$  Ni;  0.25-0.27$  Cu;  0.010-0.012$  Ti; 
0.020-0.028$  S;  0.017-0.026$  P).  1)  after  welding;  2)  after 
tempering  at  620°C;  3)  after  normalizing  at  920°C  and  temper¬ 
ing  at  620°C.  Welding  with  Sv-10G2  wire  under  AN-8  flux  [94] 
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1)  Steel  25G2S(25GS) 

2)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

3)  chemical  composition,  % 
i|)  not  above 

5)  mechanical  properties 

6)  rolled-stock  thickness,  mm 

7)  o  ,  kg/mm2 

8)  ot,  kg/mm2 

9)  bending  test  in  cold  state 

10)  Note.  The  bend  angle  is  determined  on  a  mandrel  (c)  equal  to 
two  rod  diameters  (d) 

11)  Application  -  for  production  of  reinforcement  used  in  rein- 
forced-concrete  designs 

12)  II.  Mechanical  properties  at  low  temperatures 

13)  impact  strength  of  steel  25G2S  in  initial  state  [95] 

14)  diameter  of  deformed  bar,  mm 

15)  an,  kg*m/cm2,  at  temperature,  °C 

16)  tkr,  °C 

17)  Notes. 

18)  1.  Chemical  composition  of  steel,  % 

19)  2.  The  average  values  of  the  test  results  are  listed  in  the 
table . 

20)  not  below 


1  y**pH»»  ■*3K<KTh  ctaah  25T2C  nocvie  McxaHiiMecKoro  ctipcmhr  [95| 
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c;  n  P  H  H  t  H  ■  H  H  *: 
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7  2.  B  tiAjimkc  npHieaeHu  cptAHxe  jmxeHHH  peiy/ivraioa  HcnwTaHH*. 

3.  MexaiiHxecKoe  CTapeHHt  npoaoAHHH  picrxKCHxeM  Ha  10%  C  i.JCACAy»u)eA  auAepwKqA 
npx  +160*  C  ■  TCxeHHf  xaca. 


L .  ..i- 


vlO 

Pac.  49  VAapHaa  axjKOfTfc  npii  hhjkhx  TtMneoaTypax 
ctaah  26T2C  (0,27%  C  0.40%  Mn)  [98] 
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1)  impact  strength  of  steel  25G2S  after  strain  aging  [95] 

2)  diameter  of  deformed  bar,  mm 

3)  an,  kgvn/cm2,  at  temperature,  °C 

^ )  tkr *  °  ^ 

5)  Notes. 

6)  1.  Chemical  composition  of  steel,  % 

7)  2.  Average  values  of  the  test  results  are  listed  in  the  table. 
3.  Strain  aging  by  10%  elongation  with  subsequent  holding  at 
+250°C  for  1  hour. 

8)  an,  kg’m/cm2 

9)  temperature,  °C 

10)  Pig.  49.  Low-temperature  impact  strength  of  steel  25G2S 
(0.27%  C,  1.40Z  Mn)  [96] 

11)  Steel  10G2SD(MK) 

12)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

13)  chemical  composition,  1 

14)  not  above 
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7 


HuHaunui  —  npHMeiianr  ■  cyAocrpoMTe/ibaoA  npoMuui/TeaHocTB. 


8  II.  MexaHHsecKHfl  CBoficTea  npa  hhskhx  TBMnepatypax 


MiiHHMajikHue  SHaneHMa  yaapHoA  ir3K0cth  CTajiH  10r2Cfl  (MK) 
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1)  mechanical  properties 

2)  sheet  thickness,  mm 

3)  ov,  kg/mm2 

4)  ot,  kg/mm2 

5)  bending  angle  in  coxd  state 

6)  Note.  Bending  angle  is  determined  by  the  mandrel  thickness 
(c),  which  is  equal  to  twice  the  sheet  thickness  (a) 

7)  Application  -  used  in  the  shipbuilding  industry 

8)  II.  Mechanical  properties  at  low  temperatures 

9)  minimum  impact-strength  values  of  steel  10G2SD(MK)  in  hot- 
rolled  state  and  after  thermal  aging  [47] 

10)  an,  kg*m/cm2  at  temperature,  °C 

11)  initial  state 

12)  after  thermal  aging 

13)  mechanical  properties  of  thermally  aged  steel  10G2SD  [105] 

14)  material  state 

15)  rolling  direction 

16)  quenched  from  920-950°C 

17)  longitudinal 

18)  transverse 

19)  tempered  at  620-640°C 


1  flpodoAxeHue 


n 

K 

ia 

c 

* 

H 

* 

c 

5 

3 

H 

• 

3 

Coctomm 

MiTtpiiat 

■ 

MexAHNHecKiie 

5  CBOflCTBl 

aH,  *r. MftH*.  npH  TCMRCpa- 
6  Typ*.  *C 

M 

* 

* 

cr 

tT 

\ 

* 

¥ 

ia 

D 

1 

* 

■o 

1 

i 

i 

* 

+20 

1 

-20 

-40 

-00 

17 

OrnymeH- 
Him  np« 
620-640*  C 

8 

Baonb 

(nocne 

MCX6HHMC* 

CKOrO 

crapeHHii) 

1 

1 

1 

i 

15,6 

1 

11.2 

9.7 

*. 

4.9 

32 

OmyiueH- 
hur  npH 
620-640*  C 

8 

Baojib 

(nocie 

MeXOHHHC- 

.  cKoro 
CTapeHHR) 

— 

— 

17,5 

J 

— 

11,6 

1 1,3 

9.7 

9  . . .  Cocraa  CT*JiH,  % :  0,1  Ci  1,56  —  1.60  Mn;  1 ,0  SI;  0,21— 0,24  Cu; 

0,052-0.036  S;  0.020-0.023P;  0,07-0,ICr;  0.15NI. 
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1)  continued 

2)  sheet  thickness,  mm 

3)  material  state 

4)  rolling  direction 


5)  mechanical  properties 

6)  an,  kg»m/crrr,  at  temperature,  °C 

7)  tempered  at  620-640°C 

8)  longitudinal  (after  strain  aging) 

9)  Note.  Steel  composition,  %:  0.1  C; 
0.24  Cu;  0.032-0.035  S;  0.020-0.023 


1.56-1.60  Mn; 
P;  0.07-0.1 


1.0  Si;  0.21- 
Cr;  0.15  Ni. 


10)  III.  Properties  of  welded  joints  at  low  temperatures 

11)  impact  strength  of  welded  Joints  in  steel  10G2SD(MK)  [50] 

12)  location  of  specimen  cutout 


13)  automatic  electric  welding 


14)  weld  with  notch  along  center 


15)  base  metal  with  notch  across  weld-metal  zone 

16)  base  metal,  with  notch  in  around-the-weld  zone 
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8  lip  miM  ■  H  k  a:  I.  PIpM  pyxNoll  cupxe  npMMiHRRM  j.h«xtpoau  tlipxx  yOHH-l3/45A; 
fipa  iitomthxic xoR  ciapKt  —  npoioaoxy  C>-08A  m  $jix>c  OCU-45. 

3.  B  NHCJIHTCJM  AINU  nptACNU,  I  INUMHITCAC  —  cpeXNHC  ININCHNN  y*«pHO»  IN3K0CTN. 
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226 


Key  to  page  226 

1)  continued 

2)  sheet  thickness,  mm 

3)  location  of  specimen  cutout 

4)  an,  kg* m/cm 2 

5)  manual  electric  welding 

6)  weld  with  notch  along  center 

7)  base  metal,  notch  in  around-the-weld  zone 

8)  Notes.  1.  Type  UONI-13/45A  electrodes  were  used  for  manual 
welding;  an  Sv-08A  wire  and  OSTs-45  flux  were  used  with  auto¬ 
matic  welding.  2.  The  limits  are  given  in  the  numerator, 

and  the  average  impact-strength  values  in  the  denominator. 

9)  Effect  of  aging  on  impact  strength  of  welds  in  steel  10G2SD(MK) 
[50] 

10)  type  of  welding 

11)  initial  state 

12)  after  aging 

13)  coefficient  of  sensitivity  to  strain  aging 

14)  automatic 

15)  manual 

16)  Notes.  1.  Strain  aging  consisted  of  5%  elongation  (work 
hardening).  2.  Manual  welding  was  accomplished  with  UONI- 
13/45A  electrode;  automatic  welding  with  Sv-08A  wire  under 
OSTs-45  flux.  3.  The  limits  are  given  in  the  numerator,  and 
the  average  impact-strength  values  in  the  denominator. 
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1)  impact  strength  of  welded  joints  formed  by  automatic  welding 
of  thermally  hardened  steel  10G2SD  [105] 

2)  welding  conditions 

3)  location  of  specimen  notch 

4)  an,  kg'm/cm2,  at  temperature,  °C 

5)  q/v  =  1800  cal/cm 

6)  W  ■  80  degrees/sec 

7)  along  weld 

8)  along  junction  line 

9)  at  distance  of  1  mm  from  Junction  line 

10)  at  distance  of  3  mm  from  junction  line 

11)  q/v  ■  7200  cal/sec 
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2  Macro  lupin  otfpaaiia 
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1)  continued 

2)  weld  conditions 

3)  location  of  specimen  notch 

4)  an,  kg»m/cm2,  at  temperature,  °C 

5)  W  =  20  degrees/sec 

6)  at  distance  of  1  mm  from  Junction  line 

7)  at  distance  of  3  mm  from  junction  line 

8)  q/v  =  10800  cal/cm 

9)  along  weld 

10)  along  Junction  line 

11)  W  «  12.7  degrees/sec 

12)  Notes.  1.  Chemical  composition  of  steel,  %:  0.1  C;  1.56- 
1.60  Mn;  1.0  Si;  0.21-0.2^1  Cu;  0.032-0.035  S;  0.020-0.023 
P;  0.07-0.1  Cr;  0.15  Ni.  2.  X-shaped  edge  facing;  two-sided 
welding  with  Sv-IOGS  wire  under  AN-38^A  flux.  3.  Sheets  32 
mm  thick  were  welded.  4 ,  The  limits  are  given  in  the  numera¬ 
tor,  and  the  average  impact-strength  values  in  the  denomi¬ 
nator. 
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l  CTa/ib  08rAH<t> 

2  I.  CboRctbb  npH  +20°  C  no  Ty 
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| 

(  16  II.  Mbxbhihbokhb  oboHctbo  npH  hhskhx  TBMnepaTypax 

i  17  npOHHOCTb  npH  paCTfl«HHM  H  yupiua  laiKOCTb  nOCJK  HOPMUHSIUIIH  [49] 
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1)  Steel  08GDNF 

2)  I.  Properties  at  +20°C  according  to  TU 

3)  chemical  composition,  T 

4)  not  above 

5)  mechanical  properties 

6)  article 

7)  heat  treatment 

8)  ov,  kg/mm2 

9)  crt,  kg/mm2 

10)  an,  at  -40°C,  kg«m/cm2 

11)  not  below 

12)  forging  up  to  200  mm  thick 

13)  quenching  from  950-970°C  in  water,  tempering  at  560-580°C 
with  cooling  in  air 

14)  normalizing  at  950-970°C,  tempering  at  590-6lO°C  with  cool¬ 
ing  in  air 

15)  Application  -  for  production  of  heavy-duty  forgings  to  be 
welded  for  use  in  the  shipbuilding  industry 

16)  II.  Mechanical  properties  at  low  temperatures 

17)  tensile  strength  and  impact  strength  after  normalizing  [49] 

18)  type  of  semiproduct 

19)  forging 

20)  continued 

21)  an,  kg'm/crn  ,  at  temperature,  °C 

22)  Note.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator 


1  ClLAOHHOCTk  CTMH  K  MCXIHHHCCKOMy  CTipCitHtO  (49) 
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18  yAapnax  axsxocTk  [49] 
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1)  tendency  of  steel  to  strain  age  [493 

2)  type  of  semiproduct 

3)  material  state 

*0  a  ,  kg*m/cm2,  at  temperature,  °C 

5)  plate  12  mm  thick 

6)  initial 

7)  after  aging  (work  hardening  with  5%  elongation  and  artificial 
aging  at  +250°C  for  2  hours) 

8)  tendency  of  steel  to  temper  brittleness 

9)  heat-treating  procedure 

10)  cooling  conditions  after  tempering 

11)  forging  150  mm  in  diameter 

12)  quenching  from  950°C 

13)  quenching  from  950°C,  tempering  at  650°C 

14)  same 

15)  in  water 

16)  with  furnace 

17)  III.  Properties  of  welded  joints  at  low  temperatures 

18)  impact  strength  [49] 

19)  heat  treatment  prior  to  welding 

20)  plate  thickness,  mm 

21)  location  of  specimen  groove 

22)  test  temperature,  °C 

23)  an,  kg'm/cm2,  with  notch 

24)  centered  along  weld 

25)  along  weld-metal  zone 

26)  normalizing  at  950-970°C,  tempering  at  590-6l0°C 

27 )  upper  weld 

28)  lower  weld 

29)  Note.  Welding  was  accomplished  with  UONI-13/55  electroce; 
plates  20  mm  thick  were  welded  in  the  flat  position;  plates 
100  mm  thick  were  welded  in  the  vertical  position 
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1)  Steel  06N3 

2)  I.  Properties  at  +20°C  according  to  ChMTU/TsNIIChM  1063-63 

3)  chemical  composition,  % 

i»)  not  above 

5)  mechanical  properties 

6)  heat  treatment 

7)  sheet  thickness,  mm 

8)  av,  kg/mm* 

9)  ot,  kg/mm2 

10)  an,  kg*m/cm2,  at  temperature,  °C 

11)  not  below 

12)  quenching  from  860°C  In  water,  tempering  at  630°C  with  cool¬ 
ing  in  air 

13)  16  and  above 

14)  normalizing  at  860°C 

15)  15  and  above 

16)  Note.  Type  of  steel  06N3  semiproducts:  plate  4—20  mm  thick 
according  to  rhMTU/TsNI IChM  1063-631  hot-rolled  plate  up  to 
90  mm  thick  In  ■  -rlsnce  with  ChMTU/TsNIIChM  1065-63*  shapes 
with  'ilameterfl  (  lateral  dimensions)  up  to  250  mm  in  accor¬ 
dance  with  ChMlU/TaNl IChM  106A-6J 

17)  App)  lost  1 1 > n  i  i  im'tli-n  of  welded  equipment  and  vessels, 

an  well  sn  'th  .  tellable  welded  designs  operating  at  low 
temperat  ures 

1  H  )  II.  Physical  i  t  >et  Mei  st  I  •  >w  temperatures 

19 )  temperat  ure,  A 

20)  Cp,  kJ/kg'daf 
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f. 
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H 

npHMMimin:  I.  Xu  i  hicckhD  coctii  cTiflH,  %:  0,05  C  0.  SB  SI;  0.45  Mn|  9,74  Nl; 
0.1 1  Cu:  O.M  Cri  O.OI|P;  0,011  s.  _ 

I.  MaTCpHtA  —  rOp*MCKIT«KI*  IIJIMTI  TMIUHHoO  <5  MM, 


Mcxbhhhbcknb  ciohotbi  npH  hmikhx  TiMnapaTypax 

^  6  FlpOHHOCTW  npH  ptCTRXtHHH  [63] 
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1)  continued 

2)  temperature,  °K 

3)  cp,  kJ/kg*deg 

4)  Notes.  1.  Chemical  composition  of  steel,  % :  0.05  C;  0.25  Si 
0.45  Mn;  3.74  Ni;  0.11  Cu;  0.11  Cr;  0.01  P;  0.011  S.  2.  The 
material  was  a  hot-rolled  plate  65  mm  thick. 

5)  III.  Mechanical  properties  at  low  temperatures 

6)  tensile  strength  [63] 

7)  heat  treatment 

8)  sheet  thickness,  mm 

9)  specimen  location 

10)  test  temperature,  °C 

11)  av,  kg/mm2 

12)  crt,  kg/mm2 

13)  Sk,  kg/mm2 

14)  normalizing  at  860°C 

15)  lengthwise 

16)  crosswise 

17)  quenching  from  860°C  in  water,  tempering  at  630°C 

18)  Note. 

19)  chemical  composition  of  steel,  % 

20)  10  and  15 
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Bjihuhhc  TCMneptTypu  oinycxa  saxaaemtoA  ctmh 
hi  nposHOCTk  npu  Temnepatype  — 183° C 
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1)  influence  of  tempering  temperature  of  hardened  steel  on 
strength  at  temperature  of  -l83°C 

2)  heat  treatment 

3)  test  temperature,  °C 
*0  ov,  kg/mm* 

5)  at,  kg/mm 

6)  quenching  from  860°C  with  tempering  at  300°C 

7)  same,  with  tempering  at  various  temperatures,  °C: 

8)  Notes.  1.  Chemical  composition  of  steel,  %:  0.05  C;  0.45  Mnj 
0.25  Si;  0.011  S;  0.010  P.  2.  10-mm  sheet  thickness. 

9)  impact  strength  of  steel  06N3  as  function  of  sheet  thickness 
and  heat  treatment  [63] 

10)  sheet  thickness,  mm 

11)  specimen  position 

12)  an,  kg«m/cm2,  at  temperature,  °C 

13)  normalizing  at  860°C 

14)  lengthwise 

15)  quenching  from  860°C 

16)  crosswise 

17)  tempering  at  620-640°C 

18)  »1  at  -170°C 

19)  Note. 

20)  chemical  composition  of  steel,  % 
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1)  IV.  Properties  of  welded  Joints  at  low  temperatures 

2)  mechanical  properties  of  welded  joints  formed  by  manual  elec¬ 
tric  welding  with  austenitic  electrodes 

3)  thickness,  mm 

4)  heat  treatment  of  steel  prior  to  welding 

5)  type  of  electrode  and  electrode  wire 

6)  test  temperature,  °C 

7)  ultimate  strength,  kg/mm2 

8)  bending  angle,  degrees 

9)  an,  kg'm/cm2,  with  notch 

10)  centered  along  weld 

11)  in  molten  zone 

12)  in  weld-metal  zone 

13)  source 

14)  normalizing  at  860°C 

15)  ZI0-8  Sv-07Kh25N13 

16)  quenching  from  860°C  in  water,  tempering  at  630°C 

17)  same 

18)  EA-395/9  Sv-10Khl6N25M6 

19)  NIAT-5  Sv-10Khl6N25M6 

20)  EA-400/10  Sv-Khl8NllM 

21)  Notes. 

22)  1.  Chemical  composition  of  steel,  % 

23)  sheet  thickness,  mm 

24)  2.  Welded  joints  were  tested  without  heat  treatment  after 
welding. 
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I.  XkmhxcckhA  cocni  CTiAHt  % :  0,06  C;  0,82  Mn;  0,30  SI;  3,65  Nl; 


1.609  S;  0,008  P  (ahct  tmiuhhoA  10  mm);  0,07  G  0,46  Mn;  0,27  SI;  3,78  Ni,  0,010  S;  0.008  P 
UKT  TOAOIXHoB  16  mm). 

I.  /Imctm  toavhhoI  16  mm  ctipxiinx  •  iikiachnom  h  OTnyuteNHOM  coctoanmk. 

1.  naftiipoxiul  moi  iuxjiiauiiax  npx  tiipw  uicxtpojiom  3HO-8  e  »npy6xo*  xopHx; 
ipa  MipM  MtKrpoAOH  9A-396/0  Of*  lupyOxa  xopxf  iuia. 

9  C.  H.  ry*xo»  1020  ~  , 
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1)  influence  exerted  by  heat  treating  welds  formed  by  manual 
electric  welding  of  steel  06N3  on  low-temperature  impact 
strength  [63,  131] 

2)  electrode  type 

3)  sheet  thickness,  mm 

4)  heat  treatment  of  welded  joint 

5)  test  temperature,  °C 

6)  an,  kg*m/cm2,  with  specimen  notch 

7)  centered  in  weld 

8)  in  molten  zone 

9)  in  weld-metal  zone 

10)  without  treatment 

11)  ZI0-8 

12)  tempering  at  300°C  for  2  hours 

13)  tempering  at  500°C  for  2  hours 

14 )  normalizing 

15)  EA-395/9 

16)  tempering  at  550°C 

17)  Notes.  1.  Chemical  composition  of  steel,  %:  0.06  C;  0.52  Mn; 
0.30  Si;  3.65  Ni;  0.009  S;  0.008  P  (10-mm  sheet  thickness); 
0.07  C;  0.46  Mn;  0.27  Si;  3.78  Mi;  0.010  S;  0.008  P  15-mm 
sheet  thickness).  2.  The  15-mm  thick  sheets  were  welded  in 
the  quenched  and  tempered  state.  3.  The  above  welds  were 
formed  by  welding  with  a  ZIO-8  electrode  with  root  cutting; 
on  welding  with  an  EA-395/9  electrode,  weld  roots  were  not 
cut 
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CboActba  uiaoa,  noAy<iej<HUX  a»TOM»THwecKoA  caapnoA  ctajih  06H3, 
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1)  properties  of  steel  06N3  welds  formed  by  automatic  welding 
under  AN14  flux  with  austenitic  wire  (data  of  Ye.O.  Paton 
Electric-Welding  Institute) 

2)  type  of  welding  wire 

3)  test  temperature,  °C 

4)  an,  kg*m/cm2,  with  specimen  notch 

5)  centered  in  weld 

6)  in  molten  zone 

7)  Sv-07Kh25N13 

8)  Sv-13Kh25N20 

9)  Sv-10Khl6N25M6 
1C  )  N'.tes . 

11)  1.  Chemical  composition  of  weld  metal,  % 

12)  Sv-10Khl6N25M5 

13)  2.  Sheets  10  mm  thick  were  welded  in  quenched  and  tempered 
state;  the  edges  were  V-shaped  with  a  total  angle  of  60°C. 

14)  properties  of  welds  formed  by  automatic  welding  of  steel 
06N3  under  AN26  flux  with  austenitic  wire  [63,  131] 

1.5)  thickness,  mm 

16)  edge  shaping 

17)  av,  kg/mm2 

18)  along  molten  zone 

19)  in  weld-metal  zone 

20)  without  shaping 

21)  V-shaped 

22)  Sv-10Kh20N15 
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ripKnniiiHi:  1.  XxMHaecKHl  cocTta  eranx,  %:  0,070  C  0,46  Mn;  0,17  SI;  3,78  Nil 
'.14  Cu;  0,010  S;  0,008  P. 

2.  .JImctu  toxuixhoA  IS  mm  caapxaanx  a  aaxanaaaoM  h  oTnynjexxox  cocroaxaH  npoaoaoxoft 
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1)  continued 

2)  thickness,  mm 

3)  type  of  welding  wire 

4)  edge  shaping 

5)  test  temperature,  °C 

6)  ov>  kg/mm2 

7)  an,  kg*m/cm2,  with  specimen  notch 

8)  centered  in  weld 

9)  along  molten  zone 

10)  in  weld-metal  zone 

11)  Sv-04Khl9N9 

12)  Kh20N80 

13)  without  shaping 

14)  Khl4Gl4N3T 

15)  V-shaped 

16)  Sv-10Khl6N25M6 

17)  Notes. 

18)  1.  Chemical  composition  of  steel, % 

19)  Metal 

20)  sheet  10  mm  thick 

21)  weld  (Sv-07Kh25N13) 

22)  weld  (Sv-10Kh20N15) 

23)  weld  (Kh20N80) 

24)  weld  (Khl4Gl4N3T) 

25)  2.  Steel  welded  in  quenched  and  tempered  state 

26)  impact  strength  of  steel  06N3  welds  formed  by  automatic 
welding  of  seams  tempered  at  5!>0oC  [131] 

27)  heat  treatment  of  welded  Joints 

28)  in  molten  zone 

29)  tempering  at  550°C 

30)  Notes.  1.  Chemical  composition  of  steel,  % :  0.070  C;  0.46  Mn 
0.27  Si;  3.78  Ni;  0.14  Cu;  0.010  S;  0.008  P.  2.  Sheets  15  mm 
thick  were  welded  in  the  quenched  and  tempered  state  with  an 
Sv-10Khl6N25M6  wire  under  an  AN-26  flux. 
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1)  impact  strength  of  welds  obtained  by  welding  quenched  and 
tempered  steel  06N3  with  austenitic  steels  Khl8N9T  and 
Khl4Gl4N3T  (EI711)  [64] 

2)  type  of  steel  welded 

3)  sheet  thickness,  mm 

4)  type  of  electrode  and  electrode  wire 

5)  test  temperature,  °C 

6)  crv,  kg/mm2 

7)  an,  kgvn/cm2,  with  specimen  notch 

8)  centered  in  weld 

9)  in  molten  zone 

10)  in  weld-metal  zone 

11)  steel  06N3 

12)  austenitic  steel 

13)  06N3  +  Khl8N9T 

14)  EA-395/9 

15)  Sv-10Khl6N25M6 

16)  06N3  +  Khl4Gl4N3T 

17)  ZIO-8 

18)  Sv-07Kh25N13 

19)  Notes. 

20)  1.  Chemical  composition  of  steel,  $ 

21)  steel 

22)  06N3 

23)  Khl8N9T 

24)  Khl4Gl4N3T 

25)  2.  Welded  joints  were  not  subjected  to  heat  treatment;  weld 
ing  was  one-sided  with  root  welding  in  the  06N3+Khl8N9T 
joint  without  cutting  out  the  root  of  the  weld,  and  in  the 
06N3+Khl4G44N3T  Joint  with  the  weld  root  cut  out. 

26)  an,  kg*m/cm2;  6,  $;av,  at,  kg/mm2  j  \p,  $;.  hardness ,  HB 

27)  tempering  temperature,  °C 

28)  an 

29)  Fig.  50.  Mechanical  properties  of  steel  06N3  (0.05$  C, 

0.25$  Si;  0.45$  Mn;  3.74$  Ni;  0.04$  Cr;  0.010$  P;  0.010$ 

S)  sheet  quenched  from  860°C  in  water  as  function  of  temper 
ing  temperature,  a)  at  temperature  of  +20°C;  b)  at  tempera¬ 
ture  of  -183°C  [88] 
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1)  an,  kg»m/ cm2 

2)  test  temperature,  °C 

3)  percentage  viscous  component  in  fracture  surface 

4)  Fig.  51.  Impact  strength  (a)  and  amount  of  viscous  component 
in  fracture  of  steel  06N3  quenched  from  860°C  in  water  as 
functions  of  tempering  temperature  and  test  temperature,  °C. 
1)  Normalizing;  2)  300;  3)  400;  4)  500;  5)  600;  7)  640; 

8)  660  [88] 

5)  chemical  composition  of  steel,  % 

6)  designation 

7 )  metal 

8)  Ej 

9)  sheet  10  mm  thick 

10)  Steel  Ei  melted  in  electric  furnace;  steel  K2  melted  in  a 
converter  with  oxygen  blow  and  treated  with  synthetic  slag 
in  the  ladle. 
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J  nycKi.  Cipexxofl  noKa.iana  reMncparypa  ncpexoAa  b  xpynxoe  coctoxhnc  cti/ih 
0GH3  D  COCTOHH H  H  HOpMa/IH3BUHH .' 

9 1  —  Bun/ian/iena  b  axcHTponcmi;  Kt,  K,  —  Bun/UBACiia  b  KomepTepe  [88]; 
/— 100;  2—50;  2—0%  (uaaxaa  coCTanAxx>maa  a  mijiomc  ofipama) 


4  Cia/ib  2CX 

5  I.  CboHctbs  otijih  npN  +20°  C  no  T0CT  4643—61 

6  XhmhhcckhA  coctii,  % 
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1)  temperature,  °C 

2)  tempering  temperature,  °C 

3)  Fig.  52.  Threshold  of  cold  shortness  of  steel  06N3  as  func¬ 
tion  of  tempering  temperature.  The  temperature  of  transition 
of  normalized  steel  06N3  into  the  brittle  state  is  indicated 
by  arrow.  Ei )  melted  in  electric  furnace;  Kx,  K2 )  melted  in 
converter  [88],  1)  100;  2)  50;  3)  0$  (viscous  component  in 
specimen  fracture. 

4)  Steel  20Kh 

5)  I.  Properties  of  steel  at  +20°C  according  to  GOST  ^ 5 ^ 3—61 

6)  chemical  composition,  % 

7)  not  above 

8)  mechanical  properties 

9)  heat  treatment 

10)  HB,  kg/mm2  not  above 

11)  crfc,  kg/mrn2 

12)  av,  kg/mm2 

13)  an,  kg*m/cm2 

14)  quenching  from  880°C  and  from  770-820°C  in  water  or  oil; 
tempering  at  l80°C  with  cooling  in  air  or  in  oil 

15)  Note.  Hardness  is  given  for  the  steel  in  the  annealed  or 
tempered  state 

16)  Application  -  for  production  of  components  of  simple  design: 
worms,  plungers  of  components  operating  at  high  speeds  and 
under  loads  with  friction 
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1,016  f,  0,028  S, 
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3.  B  aaciiRTCaa  npNMAeHW  npeaejiu,  i  iHiMCHiieae  —  cp*auhc  iHaseHHX  yaapHoA  aas- 
aaaa.  * 

T - 1 - ; - T— - 


13  CTSJlb  30X 

1H  I.  CboBctbb  npH  +20°  C  no  T0CT  4543—61 
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1)  II.  Mechanical  properties  at  low  temperatures 

2)  impact  strength  (data  of  the  Institute  of  Petrochemical  and 
Coal  Tar  Synthesis) 

3)  material  state 

4)  an,  kg*m/cm2,  at  temperature,  °C 

5)  hot-rolled 

6)  annealed 

7)  normalized 

8)  quenched  and  tempered 

9)  continued 

10)  tkr,  °C ,  at  anm  1  4  kg*m/cm2 

11)  below  -100 

12)  Notes.  1.  Chemical  com  position  of  steel,  %:  0.20  C;  0.66  Mnj 
0.27  Si;  0.28  Cr;  0.016  P;  0.026  S.  2.  A  rod  115  mm  in  diam¬ 
eter  was  used  for  the  studies.  3.  The  limits  are  given  i\  the 
numerator,  and  the  average  impact-strength  values  in  the 
denominator. 

13)  Steel  30Kh 

14)  I.  Properties  at  +20°C  according  to  GOST  4543-61 

15)  chemical  composition,  % 

16)  not  above 
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!  npMMe<v«na«.  XHMHiecKiift  coctib  cra/ii,  %:  0,30  0  0,43  Mn;  0.24  SI;  1,01  Or, 
17  S;  0,03  P. 


19  da  Jib  40X 

20  I.  CaaflCTia  npa  +20°  C  no  T0CT  4543—61  , 


21  XhmhhcckhA  coctib,  % 


S 

P 

Nl 

nr 

22 

HI  0OAM 

0,36-0,44 

0,50-0,80 

0,17-0,37 

0,80-1,10 

0,035 

0,035 

0,25 

0,20 

Key  to  page  258 

1)  mechanical  properties 

2)  heat  treatment 

3)  HB,  kg/mm2  not  above 

4)  crv,  kg/mm2 

5)  crt,  kg/mm2 

6)  an,  kg»m/cm2 

7)  not  below 

8)  quenching  from  860°C  in  oil,  500°C  tempering  with  cooling  in 
water  or  oil 

9)  Note.  Hardness  is  given  for  the  steel  in  the  annealed  or 
tempered  state 

10)  Application  -  for  production  of  roller  axles,  levers,  bolts, 
nuts  and  other  small  components  not  subject  to  quenching 
and  tempering  and  requiring  greater  strength  as  compared 
with  parts  made  from  carbon  steel. 

11)  II.  Mechanical  properties  at  low  temperatures 

12)  impact  strength  [10*0 

13)  heat  treatment 

14)  an,  kg*m/cm2,  at  temperature,  °C 

15)  normalizing 

16)  quenching  from  860°C  in  oil,  tempering  at  200°C  in  oil 

17)  same,  with  tempering  at  various  temperatures,  °C 

18)  Note.  Chemical  composition  of  steel,  % : 

19)  Steel  40Kh 

20)  I.  Properties  at  +20°C  according  to  GOST  4543-61 

21)  chemical  composition,  % 

22)  not  above 


7  3axa4Ka  c  850°  C  b  Macao,  omycK 

npn  500#<I  c  oxflawfleHHtM  b  boa?  hah  217  100  80  10  45  6 

man 

% 

•  -  i  \ 

CJ  n  p  n  M  e  1  *  h  it  e.  TncpflocTS  ahii.i  aab  qtomcncchhoA  iiaii  oTiiyniciiHoA  ctiiah. 


10  Ht3iaunut  —  M,nn  iiar-TOoAeiiHi  actiacA.  nnAOcpmoiituxe*  mkhakc  ii  rrniycxy  m  pnAoTfl- 

KHUXX  HI  HJHOC  npH  CPCAHHX  OKpyWIlHX  CKOPOCTIX  H  CPCAHHX  IlirpyiKlX  (iWJIU,  OCII,  KOAeHMI- 
tue  haw*' pinarii,  uiecrepiiH,  niAbuu,  6o/itu.  uitiHAbKH,  BryAKH  n  ap)- 


11  II.  0MSMHICKH6  CBoficTBa  npH  HH3KHX  TOMnepaTypax 

1 2  Ko3<J«l)nuHe«T  jiHHeftHoro  pacuiHpcHHa 


1  3  HuTepBIA 

itMnepiryp,  *C 


14 

a-10*,  l/tpad 


14 

B-10*,  l/epad 


Key  to  page  260 


1)  mechanical  properties 

2)  heat  treatment 

3)  HB,  kg/mm*  not  above 

4)  ov,  kg/mm2 

5)  oty  kg/mm2 

6)  an,  kg*m/cm2 

7)  quenching  from  850°C  in  oil,  tempering  at  500°C  with  cooling 
in  water  or  oil 

8)  not  below 

9)  Note.  Hardness  is  given  for  the  annealed  or  tempered  steel. 

10)  Application  -  for  production  of  components  subjected  to 
quenching  and  tempering  and  operating  under  wear  at  moderate 
peripheral  speeds  and  under  moderate  loads  (shafts,  axles, 
crankshafts,  levers,  gears,  pins,  bolts,  studs,  bushings,  etc.) 

11)  II.  Physical  properties  at  low  temperatures 

12)  temperature  interval,  °C 

14)  a»106 ,  deg-1 

15)  III.  Mechanical  properties  at  low  temperatures 

16)  tensile  strength 

17)  test  temperature,  °C 

18)  source 

19)  quenching  from  850°C  in  oil,  tempering  at  550°C 

20)  quenching  from  850°C  in  oil,  tempering  at  460°C  (HRC  =  38-40) 

21)  quenching  from  850°C  in  oil  with  subsequent  tempering  at 
200°C  (HRC  =  49-51) 

22)  Note.  Chemical  composition  of  steel,  %  [78]:  0.39  C;  0.58  Mn; 
0.27  Si;  0.87  Cr;  0.018  P;  0.012  S. 
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1  Bjhohmc  TCpMHHCCKOfl  otyafo'KH  Ht  yjapHyio  »*3K0CTb  (aihhuc  HncTHTyta  He^te-  h  yrncxHMHwecKoro  cmhicaa) 
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^rowweHHbift 

3  Hopwa^HSO- 

„  BSHHblfl 
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4. 1-5.0 
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4,6— 9,0 
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2.8 
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3.9 
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6.2 

8,6-10,5 

9.6 
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0.4 

.  2, 2-3, 3 

2.8 

4. 4- 6,0 
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7,8 

0, 8-1,1 
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0,5 
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-60 
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12  t.  Xufiuucxua  eoemat  ema-tu,  % 


A>«M«TP 

0  npyTKa 

C  MM 
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Mn 

SI 

Cr 
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AKiurrp 
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0.023 

0.020 
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0.69 

0.25 

1.12 
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Key  to  page  262 

1)  Effect  of  heat  treatment  on  impact  strength  (data  of  the  In¬ 
stitute  of  Petrochemical  and  Coal  Tar  Synthesis) 

2)  rod  diameter,  mm 

3)  material  state 

4)  an,  kg»m/cm2,  at  temperature,  °C 

5)  tier*  °C  at  anmln  <  i|  kg»m/cm2 

6)  hot-rolled 

7)  annealed 

8)  normalized 

9)  quenched  and  tempered 

10)  above  +20 

11)  Notes. 

12)  1.  Chemical  composition  of  steel,  % 

13)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 
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*r lipil  TCMUCpiTypC.  *C 


TepMHMCCKM* 

2  06P160TM 


c  3aKWKac850°C 
Macno,  ornycK 
npii  200°  C 

6  OrnycK,  460°  C 


+J0 


-38 


-40 


-CO 


-00 


-70 


3,9 


9,0 


7  OrnycK,  550°  C 


8  OrnycK,  580° C 
»  650° C 


11,0 


9.3 

16.3 


2,8 


5,2 


-100 


—ice 


6,8 


8,4 

15,1 


10,9 


6,9* 


5,5 

-8,7 


5,8 


1,3 


a  4 

n 


1781 


1611 


(1071 


9  FIphhmiim.'  XhmhmckhO  coctii  CTiflH,  K  t78]:  0.3 Ci  0,88 Mn;  0,27  51;  0,87 Cr; 
0.018  P;  0,012  S. 


.  yjupHM  aHiKoneptMCHHiii  yctmocTfc  [78] 


2  TcpnnnccKi*  oOpiOoTxa 

i 

i^HncpiTypt 

HenWTiHHX 

•c 

12 

°H 

nr-M/CM' 

npcAUi  yAipHoA 
yCTtJIOCTN  «»„  23 

nr/MM1 

n-,-310* 
UK Knot 

-  U 

n-MO* 

UHK/IOB  j 

15 

3aKaxKa  c  850°  C,  omycx  npH  460s  C, 
(HRC—3& — 40) 

+  20 

-60 

9,0 

5,2 

222 

187 

9 

125 

99  '  ' 

16 

3ikijiko  c  850s  C,  ornycx  npH  200s  C, 
(HRC= 49—51) 

• 

+  20 

|  -60 

3,9 

2,8 

181 

'  154 

91 

65 

A'  no. . . 

0,018  P;  0,012  S. 


XhhnmckmO  cocti*  ctmx;  %:  0.3#  G  0.88  Mn;  0,27  Si;  0,87  Cr; 


2.  OOpaMH  npanoyrMkHoro  cmihm  KONcoAbHwi. 


Key  to  page  264 


1)  Influence  of  tempering  temperature  on  Impact  strength  of 
hardened  steel 

2)  heat  treatment 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  source 

5)  quenching  from  850°C  In  oil,  tempering  at  200°C 

6)  460°C  tempering 

7)  550°C  tempering 

8)  560°C  tempering 

9)  Note.  Chemical  composition  of  steel,  %  [78] 

10)  alternating-sign  impact  fatigue  [70] 

11)  test  temperature,  °C 

12)  an,  kg*m/cm2 

13)  impact-fatigue  limit  an,  kg/mm2 

14)  cycles 

15)  quenching  from  850°C,  tempering  at  460°C  (HRC  *  38-40) 

16)  quenching  from  850°C,  tempering  at  200°C  (HRC  =  49-51) 

17)  Notes.  1.  Chemical  composition  of  steel,  0.39  C;  0.58  Mn 
0.27  Si j  0.87  Cr;  0.018  P;  0.012  S.  2.  Cantilevered  rectan¬ 
gular  specimen. 
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6^,6iSkM//m> 


6  Pm.  53.  BAH*HHe  hhjkkx  TCRnepaTyp  hi  mXaRHieeKHc  cioActii  era.'iit  35XA, 
laRiJicRNoA  e  S60*  C  a  vicjic  h  ornymeHNoA  np«  550*  C.  OCpaiuu  rJiaAKxe  fliu- 
RerpoM  10  mm  e  HaxpcsoM: 

Df  —  10  mm\  d  —  8  mu-,  y rcut  Naxpeaa  60*;  r„  —  0,;  mm  [II2J 


I 
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Key  to  page  266 


1)  kg/mm2 

2)  smooth  specimens 

3)  notched  specimens 

4)  an,  kg»m/cm2 

5)  temperature,  °C 

6)  Fig.  53.  Effect  of  low  temperatures  on  mechanical  properties 
of  steel  38KhA  quenched  from  860°C  in  oil  and  tempered  at 
550°C.  Smooth  specimens  are  10  mm  in  diameter,  and  for 
notched  specimens:  D0  =  10  mm;  dn  »  8  mm;  60°  notoh  angle; 

rn  =  0.1  mm  [112] 

7)  without  additives 

8)  B  +  rare  earth  metals 

9)  Fig.  54.  Influence  exerted  by  boron  and  misch  metal  on  ten¬ 

dency  of  steel  40Kh  to  reversible  temper  brittleness,  evalu¬ 
ated  from  impact  strength  (a)  and  amount  of  viscous  component 
(b).  -  nonbrittle  state:  quenching  from  850°C  in  oil,  tem¬ 
pering  at  650°C  with  cooling  in  oil;  -  brittle  state:  same, 

and  tempering  at  520°C  for  16  hours  [108] 

10)  amount  of  viscous  component,  % 
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4  Phc.  55.  BjimBhhc  Sop*  h  MHUlHCTfAJii  Ha  yflap- 
Hyn  imxocTk  (a)  h  kcmixhcctbo  bhikoA  coctii- 
.naiomeA  (6)  ctijih  40 X,  aaKCJicHHoA  e  550*  C  ■ 
"mica*  m  ornymeHHoS  npx  550*  C  ■  tcbchmc  2  « 
e  ox/ibjkacxhcm  a  aoae: 

i  /  —  Oca  aoOciok;  1  —  c  Oopou;  3  —  c  OopoM 

...  U  MHUIMCTaJMOM  1108] 


Phc.  50.  yjaapHax  bhjkocth  ochoshoco  MCTaJMB  m 
okmouiobhoA  aoHu  ctbah  40X  a  aaaacHMocTH  or 
Texncpcrypu  HcnuTaiiHH* 

I  —  ocnobhoA  aieTBJiA  (nviacTHHi  toauihhoA  16**); 

I  —  OXOJIOUJOBHBB  BOMB  (oflTH Ma/lkHuA  pelKHM  Coap- 

bn).  Tcpmhbcckba  oOpa'SoTKa  nJiacTHH  nepeA  caap- 
M«T  saKBAKa  »'850*  C  m  omycK  npa  660—  ■ 
«20*CCT6l 
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2  Ttfintpamypa’C  . 


Key  to  page  268 


1)  an,  kg •m/cm2 

2)  temperature,  °C 

3)  amount  of  viscous  component,  % 

4)  Fig.  55.  Influence  exerted  by  boron  and  misch  metal  on  impact 
strength  (a)  and  amount  of  viscous  component  (b)  of  steel  40Kh 
quenched  from  850°C  in  oil  and  tempered  at  550°C  for  2  hours 
with  cooling  in  water.  1)  without  additives;  2)  with  boron; 

3)  with  boron  and  misch  metal  [108] 

5)  Fig.  56.  Impact  strength  of  base  metal  and  around-the-weld 
zone  of  steel  40Kh  as  function  of  test  temperature.  1)  base 
metal  (plate  16  mm  thick);  2)  around-the-weld  zone  (optimum 
welding  conditions).  Heat  treatment  of  plate  before  welding: 
quenching  from  860°C  and  tempering  at  560-620°C  [76], 
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J  i  5  6  7  0970  15  20  30  iO  50  70  100 

■  '  2  Ko/twitcmOo  vumoO.N  TO* 

b 

3  PHC.  57.'  y«apH8H  ycTMOCTk  (jH«KOncp(WfHK**)  TCpMMHC*  . 
ckh  oOpifioTaHHoA  ctaflH  40  X.  OOpnuu  KOHCOJIkHut  np*- 
MoyroJitHoro  ccnciihk  178  J:  (/  —  HeynpoKHCHMwc  npn 
+  90*  0  2  —  HcynpoMiicHiiue  npH  —60*  0  2  —  ynpoi- 
HeHHwe  npw  —60*  C): 

a  -  38—40 HRC\  6  -  49-81 HRC  npH  +90  m  -80*  C 


4  Ciaiib  40XH 

5  I.  CaoHCTBa  npa  +20° C  no  T0CT  4643—61 

6  -XhmhmcckhA  cocTta,  % 


'“0,36—0,44 


Si 

Cr 

Nl 

0,17-0,37 

0.45 — 0,75 

1,0— *1,40 

hc  OoJiee 


0,036  0,20 
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Key  to  page  270 

1)  kg/mm2 

2)  number  of  cycles,  N*103 

3)  Fig.  57.  Impact  fatigue  (alternating-sign)  of  heat-treated 
steel  40Kh.  Cantilevered  rectangular  specimens  [78]: (1)  un¬ 
hardened  at  +20°C;  2)  unhardened  at  -60°C;  3)  hardened  at 
-60°C).  a)  38-JJO  HRC ;  b)  1J9-51  HRC  at  +20  and  -60°C 

4)  Steel  40KhN 

5)  I.  Properties  at  +20°C  according  to  QOST  45^3-61 

6)  chemical  composition,  % 

7)  not  above 
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23  npnnmi:  I.  Xmmnx«ckhA  coctii  ctian,  %:  0,40  C;  0,68  Mn;  0,27  SI:  0,69  Crl 
131 NJ;  0,24  Cu;  0.021  P;  0,021  S. 

2.  B  XXCANHA*  A>XW  np«AMU,  ■  •  XttKHITfAC  —  CP«AXX«  IHXXCHHX  yAipXoO  K1KOCTH. 


Key  to  page  272 

1)  mechanical  properties 

2)  heat  treatment 

3)  HB,  kg/mm2  not  above 

4)  cry,  kg/mm2 

5)  ot,  kg/mm2 

6)  an,  kg*m/cm2 

7)  not  below 

8)  quenching  from  820°C  in  water  or  oil,  tempering  at  500°C  with 
cooling  in  water  or  oil 

9)  Note.  Hardness  is  given  for  the  annealed  or  tempered  steel 

10)  Application  -  for  production  of  components  operating  at 
moderate  speeds  and  under  moderate  specific  pressures  in  the 
presence  of  impact  loading  (crankshafts,  connecting  rods  and 
pinions ) 

11)  II.  Mechanical  properties  at  low  temperatures 

12)  impact  strength  (data  of  Institute  of  Petrochemical  and  Coal 
Tar  Synthesis) 

13)  type  of  semiproduct 

14)  material  state 

15)  an,  kg*m/cm2,  at  temperature,  °C 

16)  tkr,  °C,  at  anmin  1  4  kg*m/cm2 

17)  without  heat  treatment 

18)  annealed 

19)  normalized 

20)  forged  plate  200  *  30  mm 

21)  quenched  and  tempered 

22)  below  -60 

23)  Notes.  1.  Chemical  composition  of  steel,  X:  0.40  C;  0.68  Mn; 
0.27  Si;  0.69  Cr;  1.23  Ni;  0.24  Cu;  0.021  P;  0.021  S.  2)  The 
limits  are  given  in  the  numerator,  and  the  average  impact- 
strength  values  in  the  denominator. 


•i  t,Mi/ai{  3 

M  - -  . - - - , - , - 1 — i 


— 

■ 

7z 

■ 

1 

1 

i 

a 

B 

a 

a 

m 

m 

3 

■ 

■ 

i 

•AM  - 80  0  *00 

2  TemtoamyoofC 


Ptic  Ad.  Van  pin*  nuiocTk  CTIXN  40XH 
(0,.V(*4  C  0,33%  SI;  0.60%  Mu;  1.96%  Cr; 
1.66%  Nl)  •  smiiicmmoctm  at  coctoihnx  h 
TCMtlCpiTypU  HCnWTHHMll; 

I  —  dh.ikoo  coctoiiihc;  9  —  no/iyixaMo* 
coctoiiihc;  9  —  xpyimoc  coctoxnni  (1 10) 


/ 

/ 


c:  PHC.  69.  B«NXHH1  6op*  M  MHIUMeTIJlXl  Nl  yX*PNy»  lllKOCTk  (a)  N  KMHNCCTIO  IliKOft 
J  cocTiMinmcl  (6)  CTMH  40 XH.  jikixchho*  e  660*  C  ■  mimi  h  arnymcHHoi  npn  650*  C 

■  TCNCHHC  2  <1  C  OXXHWNHCM  •  IO*t: 

*/  —  0ti  xoOiiok;  9  —  c  OapoH;  3  —  e  Oopou  n  nhumctijijiom  [106] 
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3  PNC.  60.  BlaNNNI  tfopi  M  MKIDIMTIJMI  HI  CKXOKHOCTk  CTIAH  40XH  K  O0piTKMO*  OTnyCKHol 
xpynKocTi,  eaiHiHXod  yxipNol  ixixocrkio  (a)  h  kojinxpctiom  ixixoft  cocTiuiinatcl  (tfl: 

—  - - xopxpyimiHoi  coctoxxkc  (iikijiki  i  micxc  c  660*  C  ornycx  npM  660*  Cc  ox- 

imwimi  ■  aoM):  ■■■■  —  —  oxpymixNoi  coctoihmi:  to  mm,  m  ornycN  npn  620*  C  ■  to- 

aaax*  16  «  [|0S  J 
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Key  to  page  27^ 


1)  an,  kg*m/cm2 

2)  temperature,  °C 

3)  Fig.  58.  Impact  strength  of  steel  HOKhN  (0. 39%  C,  0 . 33%  Si, 

0.59 %  Mn;  1.25X  Crj  1.56%  Ni)  as  function  of  state  and  test 
temperature.  1)  viscous  state;  2)  semiviscous  state;  3)  brittle 
state  [110] 

4)  amount  of  viscous  component 

5)  Fig.  59.  Influence  of  boron  and  misch  metal  on  impact  strength 

(a)  and  amount  of  viscous  component  (b)  in  steel  40KhN 
quenched  from  850°C  in  oil  and  tempered  at  550°C  for  2 
hours  with  cooling  in  water.  1)  without  additive;  2)  with 
boron;  3)  with  boron  and  misch  metal  [108] 

6)  without  additives 

7)  B  +  r.e.m. 

8)  Fig.  60.  Influence  exerted  by  boron  and  misch  metal  on  ten¬ 
dency  of  steel  JJOKhN  to  reversible  temper  brittleness,  evalu¬ 
ated  from  impact  strength  (a)  and  amount  of  viscous  component 

(b) . nonbrittle  state  (quenching  inoil  from  850°C,  temper¬ 
ing  at  650°C  with  cooling  in  water)  -  brittle  state:  same, 

and  tempering  at  520°C  for  16  hours  [108] 
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5  MexiHHHecuHe  cioActm 


6  T*pHiiiecK*»  o6p*6otki 


Key  to  page  276 


1)  Steel  12KhN2 

2)  I.  Properties  at  +20°C  according  to  QOST  45^3-61 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  heat  treatment 

7)  HB,  kg/mm2  not  above 

8)  av,  kg/mm2 

9)  at,  kg/mm2 

10)  an,  kg*m/cm2 

11)  quenching  from  860°C  and  760-8l0°C  in  oil  or  water,  tempering 
at  180°C  with  cooling  in  oil  or  in  air 

12)  not  below 

13)  Note.  Hardness  is  given  for  the  annealed  or  tempered  steel. 

14)  Application  -  for  production  of  dependable  components  of 
complex  design  (pinions,  shafts,  piston  rings,  etc.) 

15) 11.  Mechanical  properties  at  low  temperatures 

16)  tensile  strength 

17)  article 

18)  temperature,  °C 

19)  rod 

20)  annealing  at  680°C  for  1  hour 

21)  annealing  at  800°C  for  1  hour 

22)  Note.  Chemical  composition  of  steel,  %:  0.18  CjO.43  Mn;  0.25  Si; 
0.77  Cr;  1.62  Ni;  0.0147  S;  0.031  P. 
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1  y**pilA*  BR3K0CTb  |3G) 


2  llaaeaae 

^  Ttpaaaecxaa  oOpafioraa 

a„,  kC-m/cm *,  npn  Teaneparype,  *C 

4  H 

-183 

npyTOK 

D 

6  3aKAJIKa  C  850°  C,  OTI1VCK 
np«  600° C  . 

‘  21,5 

3.6 

7  n  p  m  a  c  a  a  Hit  f .  XiiMhIcckiiA  enema  era  aii.  % :  0.12  C;  1.0  Cr;  2.26  Nl. 


8  a*.*wc»} 


PNC.  61-  y*»pHl»  BMSKOCTk  OCHOBHOrO  M(. 
TBAAa  N  OKOAOlUnilHO*  10HU  CTIJ1H  I2XH2 
(0.17%  a  0.55%  Mm  0.25%  SI;  1,02%  Cr; 
1.63%  Nl;  0,022%  St  0,026%  P)  n  aaaacx- 
MOCTH  OT  TCMIlCpATypU  HCnWTCNNIl; 

/  —  ochoihoN  Mera/wi  (naacTHMa  n»mi. 
ko6  16  **),  t  —  oKonoiuoaHaa  anna  (onra- 
ManaHuA  pcwkm  caapaa)  176] 


-90  -10  - SO  -JO  -10  * 10 .  *30  *50 
1  q  Ttnnepomypc'C 


llCT&nb  12XH3A 

r 

12  I.  CioHcTia  npM  +20°  C  no  fOCT  4543-61 


13  XhmhmcckhO  COCTI6,  % 


c 

Mn 

SI 

Cr 

N!  1 

s 

P 

Cu 

1 8  h«  Oonec 

0,09-0,16 

0,30-0,60 

0,17-0,37 

0,60-0,90 

2,75-31 15 

0,025 

0,025 

0,20 

2  4  McxaHHHecKHe  cboActbi 


3  Tapaaaecaaa  ofipaOoTaa 

HB 

kT  1  mm} 
at  Sonet 

16  3 

0*5 

17  3 

^*5 

* 

<> 

♦ 

*  a. 

n 

•  n  1 

«  k 

19  "« 

!  MtMM 

20  3aaajiKa  c  860°  C  h  c  760— 
810°  C  a  Macjie  hah  Boae,  omyca 
npa  180°  C  c  oxjiawaaHMeM  a  Mac- 
At  HAH  Ha  BOIAyXC  . 

I 

1 

217 

95 

70 

11 

55 

9 

21  n  p.a  a  t  a  a  a  a  a.  Tacpaocrk  aaaa  ana  OTOwweHKo*  ham  ornymeiiHoA  ctbah. 

22  HuMoUMit  —  A* a  airoroMcaaa  neMCKTapytMiix  hji'm  aaaaAeaHirx  onrrcTacaaux  * 

caommoA  Oopau,  paSoraxjinax  ■  ycaoaaax  aaaoca  aa  Tpaaaa  npa  aaXaaaa  ya^pKwx  aarpyiox.  j 


Key  to  page  278 


1)  impact  strength  [36] 

2)  article 

3)  heat  treatment 

5)  a  ,  kg»m/cm2,  at  temperature,  °C 

5)  rod 

6)  quenching  from  850°C,  tempering  at  600°C 

7)  Note.  Chemical  composition  of  steel, *:  0.12  C,  1.0  Cr  and 
2.26  Ni. 

8)  an,  kg«m/cm2 

9)  Fig.  61.  Impact  strength  of  base  metal  and  around-the-weld 
zone  of  steel  12KhN2  (0 . 17%  C;  0.55*  Mn;  0.28*  Si;  1.02*  Cr; 
I.63*  Ni;  0.022*  S;  0.026*  P)  as  function  of  test  tempera¬ 
ture.  1)  base  metal  (plate  16  mm  thick);  2)  around-the-weld 
zone  (optimum  welding  conditions)  [76] 

10)  temperature,  °C 

11)  Steel  12KhN3A 

12)  I.  Properties  at  +20°C  according  to  GOST  45 ^ 3—61 

13)  chemical  composition,  * 

1^)  mechanical  properties 

15)  HB,  kg/mm2  not  above 

16)  a  ,  kg/mm2 

17)  ot,  kg/mm2 

18)  not  above 

19)  not  below 

20)  quenching  from  860°C  and  from  760-8l0°C  in  oil  or  water, 
tempering  at  l80°C  with  cooling  in  oil  or  in  air 

21)  Note.  Hardness  is  given  for  the  annealed  or  tempered  steel 

22)  Application  -  for  production  of  dependable  carburizing  or 
hardened  components  of  complex  shape  working  in  friction  in 
the  presence  of  impact  loading 
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1  II.  0HIHH0CKH0  CBOfiCTOa  npH  HM3KMX  TIMnfip«T]fP«X 


2  TcnjionpoaojiNOCTb  |G0] 


3  TeMnepaTyp*,  *C 

4  iX.  tm/M  tpad 

4-23 

43,96 

-195 

9,67 

-255 

3,33 

R  TlpMMP’iiHHP.  XhMiiscckhII  cocmn  CTAJVM,  •/• 
0,-12 C;  0,64  Mn;  0,26  SI;  0,03  Cr;  3,60  Nl:  0,033  Si  0.032  P. 

gill.  Mbxbhhhbckmb  CBoRcTBa  npH  hhskhx  TBMnapaTypax 


llpOHHOCTb  npH  paCTflXCHHH 


8  Bm» 
na/iy4)i6p«- 

Kira 

r  9 

CoCTOIIHH*  MATtpHlAl 

aio 
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»-  s 

5  s 
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-i; 
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n 
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>, 

*13 

X 

3 

. 

17 

ilpyTOK 

AHOMeTpOM 

20  MM 

B  cocTomniH  nocTanxH 

95,0 

118,0 

61,0 

j 

✓ 

\ 

U131  ' 

i 

\ 

15  HopMaAH3auHR  npo 
860-880°  C 

l63aKaAKa  c  860—870°  C 
b  Boac  c  nocneAyiomHM 
omycKOM  npH  600°  C 

+  20 
-183 

91,0 

122,0 

85,5 

116,0 

20,5 

22,0 

l8To*e,  np«  paaAHMHUx 
TeMnepaTypax  omycxa, 

'C:  660 

+  20 
-183 

71,0 

107,0 

21,5 

74,0 

55,0 

700 

+  20 
-183 

84,0 

114,0 

58,0 

94,0 

22,0 

25,0 

65,0 

57,0 

L  750 

+  20 
-183 

79,0 

117,0 

56,0 

93,0 

no 

■'1*1 

65,0 

57,0 

21 

ripyTOK  , 

loptwHr  npH  680°  C  b 
teMeHue  iaca 

+  17 

—196 

-253 

56,0 

97,0 

106,0 

B 

HU 

73,0 

56,0 

60,0 

[5)‘ 

+  17 

-196 

-253 

— 

21,0 

19,0 

3,0 

54,0 

30,0 

4,0 

Uhjihhap 

WTOHAepa 

2  3U,eMeHTauHH,  aaxaoKa 
b  Mauie,  ornycK  npH 
200°  C  b  TBseHHe  3  i  (o6- 
paaitbi  BupeaaoH  nocne 
Bcex  ofipafioTOx) 

+20 

-183 

89,0 

126 

73,8 

103,1 

16,8 

21,3 

70,7 

63,5 

[113] 

24  n 


2  5  XumuuckuH  tocmat  cmaAU,  % 


8  Bma  noay^afipxKiTa 

c 

Si 

Mn 

Cr 

Nl  ,x 

2  7npyroit  A<*aiKTpoM  20  mm  .... 

1  1  . . .  .  . 

0.12 

0,14  1 

!■&»! 

■if 

0,66 

0.46 

0.9 

0.96 

2.67 

3,26 
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* 

•  /' 

'  \ 
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Key  to  page  280 


1)  II.  Physical  properties  at  low  temperature 

2)  thermal  conductivity  [60] 

3)  temperature,  °C 

4)  X,  W/m*degree 

5)  Note.  Chemical  composition  of  steel,  % :  0.12  C;0.5^  Mn;  0.28 
Si;  0.93  Cr;  3.50  Ni;  0.033  S;  0.032  P. 

6)  III.  Mechanical  properties  at  low  temperatures 

7)  tensile  strength 

8)  type  of  semiproduct 

9)  material  state 

10)  test  temperature,  °C 

11)  av,  kg/mm2 

12)  at,  kg/mm2 

13)  source 

14)  in  as-delivered  state 

15)  normalizing  at  860-880°C 

16)  quenching  from  860-870°C  in  water  with  subsequent  tempering 
at  600°C 

17)  rod  20  mm  in  diameter 

18)  same,  tempering  at  various  temperatures,  °C 

19)  annealing  at  680°C  for  1  hour 

20)  annealing  at  800°C  for  1  hour 

21)  rod 

22)  cylinder  of  DVD-10  refrigerator 

23)  casehardening,  quenching  in  oil,  tempering  at  200°C  for  3 
hours  (specimens  were  cut  out  after  completion  of  treatment) 

24)  Note. 

25)  chemical  composition  of  steel,  % 
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5  TopimekaTaHufl 

17,0 

17,0 

11—13,2 

12,1 

6  Hopua^HSOBaHHuA 

11,0-12,4 

11.7 

9,0-12,0 
.  9,8 

y  OroxoKeHHfaiA  .  .  . 

26,3-26,6 

26,4 

26,3—26,3 

26,3 

8  HopMaflH30BaHHhlA 
■  ornywcHHuft  npH 

26,6-27,2 

27,2-29,5 

fiwi*  r 

26,9 

28,4 

.  9  HopMajitooBaxHuA 
h  ornymeHHuA  npH 

600*  C 

'  18,6-22,1 

'\ 

19,2-19,5 

.  20,3 

19,3 

10  3aKa/ieHHbiA  h  ot- 

nyweHHuA 

1 

27,4-28,3 

27,8 

22,6-28,0 

26,5 

-50 

-40 

-60 

-60 

-100 

10,9-12,0 

7, 3-8, 5 

6, 2-7, 8 

5, 0-7, 3 

2,2 — 4,4 

11.4 

,  7.9 

7,0 

6,1 

3,3 

8, 2-9, 2 

5,6-7, 3 

5, 5-6,0 

4, 8-4, 8 

3,8— 5,0 

8,7 

6,4 

5,7 

-4,8 

4.4 

24,4-25,6 

20,6-22,2 

18,7-20,2 

13,9—15,6 

15,8-19,5 

25,0 

21.4 

19,4 

14,7 

17,6 

26,6-27,2 

27,4-29,1 

21,0-22,3 

17,0-22,6 

21,4-23,2 

26,9 

28,2 

21,6 

19,8 

22,3 

i9,6— 19,9 

16,5 

14,8 — 15,5 

8.0-13,2 

10,7-11,0 

19,7 

16,5 

’  15,1 

10,6 

10,8 

26,8-28,7 

25.6-26,7 

21; 5-23.8 

22,6 

20,0-25,0 

27.7 

26,1 

22,6 

1 

22,6 

20,2 

I  -100 


12  npimuu*:  I-  XHMmecKH*  coerti  ctijih,  %:  0.13  C;  0,40  Mn;  0,28  Si:  0,65  Cr;  3.25  Nl;  0.016  Pi  0.014S. 
3.  A**  Bee*«aoM«itl  npHMtiiMM  npyroK  ahihftpou  30  mm. 

5.  ■  UUITIM  A*  KM  npUMU,  ■  1MIHCHITCVTC  —  cptflHHt  |K1<I«KHK  yfl»p»0*  IHIKOCTH. 
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1)  Effect  of  heat  treatment  on  impact  strength  (data  of  the  In¬ 

stitute  of  Petrochemical  and  Coal  Tar  Synthesis) 

2)  material  state 

3)  an,  kg'm/cm2,  at  temperature,  °C 
*0  tkr,  °C,  at  anmln  <  4  kg*m/ cm2 

5)  hot-rolled 

6)  normalized 

7)  annealed 

8)  normalized  and  tempered  at  650°C 

9)  normalized  and  tempered  at  500°C 

10)  quenched  and  tempered 

11)  below  -100 

12)  Notes.  1.  Chemical  composition  of  steel,  $:0.13C;  0.47  Mn; 
0.28  Si;  0.65  Cr;  3.25  Ni;  0.018  P;  0.014  S.  2.  A  rod  30  mm 
in  diameter  was  used  for  the  studies.  3.  The  limits  are  given 
in  the  numerator  and  the  average  impact-strength  values  in 
the  denominator. 


1  BjmiHHe  TCMneparypu  oinycxa  Ha  yjupHyw  aaixocTk  [113] 


2  xr-M/tM*,  npN  mincpnType,  *C 

2  Tepw»*ecM»  o6p<6otki 


8  Bu 

noay^aflpiRtTi 


-120 

— U3  ' 

6, 2-7, 5 

2, 1-2,5 

5.2—  8,9 

8.2- 13,5 
17,5-19,3 
10,0-12,6 
4,7-12,3 

1. 7-2,0 

1, 6-2,0 

6.2- 7, 2 

4, 0-4, 7 

2. 2- 5, 2 

0.10  C;  0.44 

Mit;  0,30  S 

30  MM. 

7  yAMpima  HRSKOCTb  CTBAM  0  aflBIICIIMOCTH 
OT  TCpMIl'ICCKOfl  OtipaCOTKH  [113] 


12 

ripyTOK  AH«MC- 
TpOH  20  MM 


T«pMH<eeKm  oSpiOorxa 


;  B  COCTOHIIHH  nOCTflBKH 


0  HopMaflH3auH»i  860—880° 


Ll3aKaAxa  860— 870°  C  b  Boae 
c  omycKOM  npn  paMHMHux  rein- 
nepaTypax,  °C: 

600 

650 

700 

750 

'  ^ 


L33aKaAxa  c  870°  C  a  Macne  c 
omycKOM  npH  paMHXHkix  Tex- 
nepaTypax,  °C: 

200 

600 

650 

700 

ten 


a,,.  npH  rtnn«p»- 

7  type,  *C 
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1)  Effect  of  tempering  temperature  on  impact  strength  [113] 

2)  heat  treatment 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  quenching  from  860°C  in  water,  tepmering  at  500°C 

5)  same,  with  tempering  at  various  temperatures,  °C 

6)  Notes.  1.  Chemical  composition  of  steel,  % :  0.16  Cj  0.44  .Mn; 
0.30  Si;  3.06  Ni;  0,86  Cr.  2.  A  rod  30  mm  in  diameter  was 
used  f'or  the  studies, 

7)  steel  impact  strength  as  function  of  heat  treatment  [113] 

8)  type  of  semiproduct 

9)  in  as-delivered  state 

10)  860-800°C  normalizing 

11)  quenching  from  860-870°C  in  water  with  tempering  at  various 
temperatures,  °C 

12)  rod  20  mm  in  diameter 

13)  quenching  from  870°C  in  oil  with  tempering  at  various  tem¬ 
peratures,  °C 

14)  cylinder  of  DVD-10  refrigerator 

15)  casehardening,  quenching  in  oil,  tempering  at  200°C  for  3 
hours  (specimen  notching  after  completion  of  treatment) 

16)  Note.  Chemical  composition  of  steel,  % 
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1 


1  yjiapiia*  iRiKocTk  ucMCHTHpoaanHoA  ctmh  [113) 


2 

^  TcpMmccxa*  oOpiSoTKa 

xr-MfCM1,  npH  TCM- 
4  neparype,  *C 

+M 

-183 

5  UcMciiTamm,  aaxaaKa  d  mqc.ic  c 
nocfloaytomHM  ornycxoM  (naflpes  o<5- 
paaua  ueMeimipoHaii) 

3,75 

0,67 

6  npyTOK  flHBMe- 
TpOM  20  MM 

we  (iiaapea  oOpasua  CAMaii  no- 
□c  ucex  oOpaOoTOK) 

6.75 

0.66 

• 

8  Pokhm  aHaAorHMeH  npHMCimeMO- 
My  npH  U0MCHT8UHH 

20,5 

9.7 

^  I>  h  »m  a  h  h  «:  XmmhxcckiiA  cpcrai  era*M,  %:  0,12  C;  0.3B  SI;  0,6*  Mn;  0,#Cr, 


10  Oh.kI’m/C*1 


]_  ]_  Tennepamypa'C  ' 


10 


2  j Tennepamypa'C 


1  2  PK  62.  HjMeHeHHC  XipiKTCpi 
TeMnepaTypnofl  xpHio*  yaapxoA 
'  ixskocth  npyTxa  anmeTpon 
30  mm  MS  ctbjih  I2XH3  <0, 12%  Ci 
0,41%  Mn;  0,29%  SI;  0,041  %  S; 
0,037%  P;  0.07%  Cr;  3,1%  Nl)a 

SilMCMMOCTH  OT  CKOpOCTH  OXJIIIK- 

aeHHX  nocae  omycxa: 

I  /  —  saxaAxa  c  *80*  C,  omycK 
1  2  i  npH  600*  C,  oxaaxuieMN*  ■ 

,'  ao««;  2  —  saxaaxa  c  660*  C.  or-  * 
nycx  I  a  np«  600*  C,  oxaaxgia- 
nh«  e  nainoTl  17] 


12  Pkc.  63.  HsMCHeHne  xipsKrcpa 
J  TCMnepiTypHo*  kphbo*  yaapHoft 
•  axiKocTH  npyrxa  anaMerpoM 
30 ««  HscTaax  I2XH3I0, 12%G 
0,41  %Mn;  0,29%  SI;  0,041%  S; 
0,037%  P;  0,097%  Cr;  3,1%  Nl)  ■ 
aaiNCNHOCTK  OT  ckopoctm  oxaaix- 
a«HRi  noCJia  xarpeaa  iwuie  tom- 
kk  ACl: 

I  —  aaxaaxa  ■  aoae  c  660*  C 
1— otxchi- npx  660*  C,  oxatK* 
Aajiaa  £  nmn  El  17) 
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1)  impact  strength  of  casehardened  steel  [113] 

2)  article 

3)  heat  treatment 

5)  an,  kg*m/cm2,  at  temperature,  °C 

5)  casehardening,  quenching  in  oil  with  subsequent  tempering 
(specimen  notch  is  casehardened) 

6)  rod  20  mm  in  diameter 

7)  same  (specimen  notched  after  final  treatment) 

8)  procedure  similar  to  that  used  with  casehardening 

9)  Notes.  Chemical  composition  of  steel,  $:  0.12  C;  0.35  Si; 

0.58  Mn;  0.9  Cr;  2.87  Ni. 

10)  an,  kg*m/cm2 

11)  temperature,  °C 

12)  Fig.  62.  Change  in  character  of  temperature  curve  of  impact 
strength  of  steel  12KhN3  rod  (0.1251  C;  0 . 4l%  Mn;  0.29$  Si; 
0.0^1$  S;  0.037$  P;  0.97$  Cr;  3.1$  Ni)  30  mm  in  diameter  as 
function  of  cooling  rate  after  tempering.  1)  quenching  from 
880°C,  tempering  for  2  hours  at  600°C,  cooling  in  water;  2) 
quenching  from  880°C,  tempering  for  2  hours  at  600°C,  cooling 
with  furnace  [117] 

13)  Fig.  63.  Change  in  character  of  temperature  curve  of  impact 
strength  of  steel  12KhN3  rod  (0.12$  C;  0.^1$  Mn;  0.29$  Si; 

0 . 04l$  S;  0.037$  P;  0.097$  Cr;  3.1$  Ni)  30  mm  in  diameter  as 
function  of  cooling  rate  after  heating  above  Ac^  point.  1) 

quenching  in  water  from  880°C;  2)  annealing  at  880°C,  cooling 
with  furnace  [117] 


1  CTSJib  30XH3A 

I.  CioBotb*  npN  +20°  C  no  TOCT  4643  —  81 


^  XHMimecKiiA  coctab,  *i 


Mn 

- ^ - 

SI 

Cr 

Nl 

s 

P 

Cu 

k 

hi  Ooiee 

0,27-0,34 

0.30-0,60 

0,17-0,37 

0,60-0,90 

2,75-3,15 

0,025 

0,025 

0,20 

5  MexiHHHecKHt  cboActh 


g  TepMHHCCMR  oOpafioTKI 

7  HB  . 

itr/MM* 

H9  oojiet 

CO 

KT/MM * 

9  \ 

.  • 

♦ 

m 

5 

.x 

■C, 

a  * 

2  HI 

MeHee 

L  3axaAxa  c  820°  C  a  Micne,  ot- 

241 

100 

80 

10 

50 

8 

nycK  npH  530*  C  c  oxadkachhcm 

•  BOM  NAN  MACAe 

1 

13  npH»Mii«e.  TiepAocTk  aim  ai»  oto*imhhoA  niii  omymeiiHofl  ctiah. 


14  NatHaVM hi  —  A«l  HiroToaiCMHA  Kpynnux  otictctbchhux  hjacihR,  noAiepraciiux  laKaiKe 

a  aucoxouy  ornycKy  (khihnapw,  mim,  xepaxxM);  npoKaiMiami  i  omm  Bcvihuhx  ccxchnix. 


r  f 

15  II.  MuaHNHOOKMO  cboRctbs  npn  hmikhx  TomnipaTypax 


]_g  npOHHOCTh  npH  paCTIXe«HH  [113] 


n  Bm 

■eiy^eSpiRiTi 

6  ' 

'TepHHItCKB*  O0pi6OTKI 

alo 
& : 
s.® 

s  *• 

U 

5  8 
§ 

o" 

n  9 

c 

14 

0 

* 

* 

+■ 

20ripyTOK  AH«- 
HerpoM  20  mm 

t 

193»KaiK*  c  840*  C  b  MacAe, 
ornycK  npH  600° C  b  tcmchhc 

30  MUM  H  OXADKACHHC  B  MBCAC 

+  20 
-183 

91.5 

127.5 

83,0 

118,0 

20,0 

23,5 

68,0 

54,0 

23,To  we,  c  omycKOM  npH  pas- 
ahnhwx  minepaiypax,  °C  h 
■peweNN  BhuepwKH: 

22  60Q,  2  h 

2  3  625,  30  mum 

24  625,  2  h 

f  20 
-183 
+  20 
-183 
+  20 
-183 

90,0 

126,0 

90,0 

126,0 

89,0 

124,0 

80,0 

114,0 

81,0 

117,0 

74,0 

110,0 

22,5 

26,0 

21,0 

25,0 

24,0 

28,0 

66,0 

53,0 

67.5 
56,0 

65.5 
55,0 
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Key  to  page  288 


1)  Steel  30KhN3A 

2)  I.  Properties  at  +20°C  according  to  GOST  45^3-61 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  heat  treatment 

7)  HB,  kg/mm2,  not  above 

8)  av,  kg/mm2 

9)  cr  ,  kg/mm2 

10)  an,  kg*m/cm2 

11)  quenching  from  820°C  in  oil,  tempering  at  530°C  with  cooling 
in  water  or  oil 

12)  not  below 

13)  Note:  hardness  given  is  for  the  annealed  or  tempered  steel 
1*0  Application  -  for  production  of  large  dependable  parts  sub¬ 
ject  to  quenching  and  high  tempering  (cylinders,  shafts, 
worms);  hardened  in  very  large  sections 

15)  II.  Mechanical  properties  at  low  temperatures 

16)  tensile  strength  [113] 

17)  type  of  semiproduct 

18)  test  temperature.  °C 

19)  quenching  from  840°C  in  oil,  tempering  at  600°C  for  30 
minutes  and  cooling  in  oil 

20)  rod  20  mm  in  diameter 

21)  same,  with  tempering  at  various  temperatures,  °C  and  holding 
times 

22)  600,  2  hours 

23)  625,  30  minutes 

24)  625,  2  hours 
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1  npotoAMtHUt 


2  Bra 

noay^iOpHKtT* 

3 

TepMR4*«K«R  0<5pn60TK« 

& 

M  S 
«  3 

a* 

H 

.5 

* 

$ 

at 

- 

0* 

t>H 

«* 

* 

7  30K0AK8  C  840*  C  B  M0CJ1O  C 

.  ' 

omycKOM  npH  pa&nHmiux  tcm- 
nepiaTypix,  *C  h  speMCHH  ou* 
AepwKH: 

650,  30  muh  g 

+  20 

86,0 

22,5 

-183 

123,0 

26,0 

55,0 

650,  2  h  -j^q 

+  20 

84,0 

23,0 

8  ripyTOK  ah  a* 
MerpoM  20, mm 

-183 

120,0 

111,0 

27,5 

675,  30  muh  *  11 

+  20 
-183 

87,0 

124,0 

'  — 

24,0 

27,0 

675,  2  h  12 

+  20 

82,0 

61,0 

24,0 

67.5 

* 

•  * 

-183 

121,5 

96,0 

25,5 

54.6 

700,  30  muh  ^ 

-f  20 

92,0 

56,6 

22,0 

56,0 

-183 

131,0 

23,0 

44.0 

‘  700,  2  h  14 

+  20 

100,0 

60,0 

21,0 

49,5 

' 

-183 

134,0 

92,0 

18,5 

54,0 

-5  ripyTOK  aha- 

650,  2  » 

+  20 

82,4 

68,7 

23,8 

67.2 

-183 

120,0 

105,0 

26,1 

53,3 

‘MCTpOM  60  MM 

675,  2  » 

+  20 

81,8 

63,2 

25,9 

68,0 

*  1  » 

-183 

117,6 

98,0 

27,0 

56,5 

16  fl  p  ■  n  t  *  a  h  n  «.  Xhhhimkh*  coctii  ctijih,  %:  0.32  C;  0,27  SI;  0,40  Mn;  0,85  Cri 
2.M  Nl. 


U  Bjihihmc  TCMnepaiypu  omycxa  Ha  yaap«y»  aamocib 


«»• 

• m/cm *,  npa  tcm- 

2.  2 

E& 

fluxrrp 

1  Qnpynta.  mm 

^  TtpMHRCCKIfl  oOpiOpTKI 

19 

nepirypt,  *C 

-70 

• 

+» 

-40 

—183 

Pi3aKaAK8  c  820°  C  b  Maono. 
njfrwcK  200°  C 

22To  we,  c  omycKOM  npH  pas- 
ahbhiix  TCMnepaTypax,  °C; 

8,1 

7,8 

7,4 

7,1 

7,5 

20 

250 

8,2 

_ 

U04] 

6,2 

4,5 

3,8 

5,2 

3,8 

2,8 

12,5 

8,9 

7,3 

19,6 

18,6 

18,3 

Key  to  page  290 

1)  continued 

2)  type  of  semiproduct 

3)  heat  treatment 

*1)  test  temperature,  °C 

5)  av»  kg/mm2 

6)  at ,  kg/mm2 

7)  quenching  from  840°u  in  oil  with  tempering  at  various  tem¬ 
peratures,  °C  and  holding  times 

8)  rod  20  mm  in  diameter 

9)  650,  30  minutes 

10)  650,  2  hours 

11)  675,  30  minutes 

12)  675,  2  hours 

13)  700,  30  minutes 
H»)  700,  2  hours 

15)  rod  50  mm  in  diameter 

16)  Note.  Chemical  composition  of  steel,  %: 

17)  effect  of  tempering  temperature  on  impact  strength 

18)  rod  diameter,  mm 

19)  an,  kg’m/cm2,  at  temperature,  °C 

20)  source 

21)  quenching  from  820°C  in  oil,  200°C  tempering 

22)  same,  with  tempering  at  various  temperatures,  °C 


1  tl  podOAXtHUt 


1 


n  Ctaiib,  34XH3M 


12  !•  CboBctbo  npM  +20°  C  no  TY  MTM 

13  XhmhhcckhA  coctu,  % 


Key  to  page  292 

1)  continued 

2)  rod  diameter,  mm 

3)  heat  treatment 

*0  an,  kg*m/cm2,  at  temperature,  °C 

5)  source 

6)  quenching  from  820°C  in  oil  with  tempering  at  various  tem¬ 
peratures,  °C 

7)  minutes 

8)  hours 

9)  note 

10)  chemical  composition  of  steel,  % 

11)  Steel  34KhN3M 

12)  I.  Properties  at  +20°  according  to  TU  MTM  [Heavy  Machinery 
Ministry  Technical  Specifications] 

13)  chemical  composition,  % 

111)  TU  MTM 

15)  not  above 
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1  MexaHHsecKMC  caoftcraa 


0 


Bmi 

p  nony^aopM* 

Kira 

rioAOXtCHH* 

3  oopimo* 

1 

5  2 

I 

at 

mC  i 

«  ¥ 

7 

TV.MTM 

, 

11 

h«  MCNee 

g  IlOKOBKH 

9  npoAO^bHoe 

70 

82 

14 

40 

6 

20-4-54 

rionepemioe 

10 

70 

83 

13 

35 

5 

20-5-54 

2  H OJHOUXUI  —  ftAX  HirOTOBACHK*  HIHtiOAW  OTBCTCTieHHMX  ACT! /left  TypSHK  X  KOMnp«CCOp- 
■  MX  IUUIHH;  noKOlOK  MAO*  M  D!f  AbHOKOBIHMX  poTOpO*  TypSMH,  p*0oTIIOU|HX  flpx  TCMIMDC 
rypax  ao  400*  C  . 


13  II.  M«xaHNH«exMa  obohctb8  npH  hhbkhx  TBMntpaTypax 


l4npOHHOCTb  npH  paCTIXCHHH 

(AOHHue  Hpuyrcicoro  rHnpoH«Jrrenauia) 


*L5  Tipuxxrcxix  oOpifioTx* 

1 

Texnepa- 

Typa 

16 

5*. 

xr/MM • 

4 

°T 

xr/MM • 

6.  % 

0.  % 

l7  SaKiaxa  c  850— 870°  C  a  hoc- 

.  20 

90,9 

75,5 

17,2 

54,4 

j«f  ornycK  610—620°  C 

,  o 

93,0 

76,1 

18,1 

52,9 

-20 

95,1 

75,8 

15,8 

45,6 

*  • 

-40 

100,8 

83,3 

17.4 

49,1 

-50 

106,1 

68,1 

19,0 

62,6 

-60 

102,4 

81,9 

18,1 

54,6 

-70 

103,0 

83,3 

16,8 

48,0 

-80 

103,2 

83,3 

17,3 

47.7 

-100 

■  109,8 

92,0 

19,5 

48,2 

TIpmmmihhi:  I.  XhmnxmkhA  coctii  ctiah,  %:  0,36  C',  0,27  SI;  0,46  Mn;  1,02  Cr; 
(.05  Nl;  0,026  S;  0,020  P. 

2.  flax  NCCJieaoMMHO  npHiWHXXH  *iroTO*xy  AHiMrrpoM  300  mm. 


1 9  Moayok  ynpyrocTH 


-  Ttiuiapa- 
16  rypa.  *C 

UQ 

1ESS1I 

H  |  ,■ 

—TV - 

£,  xr/MM> 

20 

20  050 

-76 

20  450 

-196 

20  950 

1  21  n  px  x*x  *  ■■  t.  X'xxxxecxxll  coctii  cYiaX  tott  xte;  xto  i  •  np*AM*ytn«0  -rxOxxiw. 

..  — >-y — - - - —— - - - - - - - - - 
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1)  mechanical  properties 

2)  type  of  semiproduct 

3)  specimen  position 

4)  ot,  kg/mm* 

5)  ov»  kg/mm2 

6)  an,  kg*m/cm2 

7)  TU  MTM 

8)  forgings 

9)  lengthwise 

10)  crosswise 

11)  not  below 

12)  Application  -  for  production  of  turbine  and  compressor  com¬ 
ponents  of  highest  dependability;  shaft  forgings  and  all- 
forged  turbine  rotors  operating  at  temperatures  up  to  400°C 

13)  II.  Mechanical  properties  at  low  temperatures 

14)  tensile  strength  (data  of  Irkutsk  Giproneftemash  [State 
Scientific  Research  and  Planning  Institute  for  Petroleum- 
Refinery  Equipment]) 

15)  heat  treatment 

16)  temperature,  °C 

17)  quenching  from  850-870°C  in  oil,  tempering  at  5l0-620°C 

18)  Notes.  1.  Chemical  composition  of  steel,  0.36  C;  0.27  Si 
0.48  Mn;  1.02  Cr;  3.05  Ni;  0.025  S;  0.028  P.  2)  A  blank  300 
mm  in  diameter  was  used  for  the  studies. 

19)  elastic  modulus 

20)  E,  kg/mm2 

21)  Note:  Chemical  composition  of  steel  is  the  same  as  that  in 
the  preceding  table. 
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1  yjMpHM  BR3K0CTb 
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«(|,  nr-M/CM',  II p  M  TrMiicpaTypc 

i.  *C 

20 

1 

0 

-20 

—40 

-GO 

-80 

-100 

3axaJiKi  c  850—870°  C  d  Mac- 
flt,  omycK  610—620°  C  ... 

10,7 

9,3 

6,5 

7,4 

7,4 

6,0 

5,2 

5n  p  II  M  «  <1  •  M  II  M:  I.  COCTII  CTiAll  TOT  MC,  UTO  H  n  npCANAyiUHX  A»y*  TlSAHKIX.' 
2.  fl/l*  HCCACAOiUMIlH  npilMCMXJIH  JITOTODKy  AHOMtTpOM  300  MM. 


6  BjIHNHIie  MHTCJIbHOA  BUACpiKKH  B  HKTCpBBAC  TCMnepiTyp 

or— 183  xo  —80° C  hi  MexammecKHe  cboActbb  ctbjih  34XH3M 
(ABHHue  HpxyTCKoro  rHnpmiaJrreMaiuq) 
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1)  impact  strength 

2)  heat  treatment 

3)  an,  kg'm/cm2,  at  temperature,  °C 

4)  quenching  from  850-870°C  in  oil,  6l0-620°C  tempering 

5)  Notes.  1.  Chemical  composition  of  steel  is  the  same  as 

that  in  the  preceding  two  tables.  2)  A  blank  300  mm  in  diam¬ 
eter  was  used  for  the  studies. 

6)  Influence  of  prolonged  holding  in  the  temperature  interval 
from  -183  to  -80°C  on  mechanical  properties  of  steel  34KhN3M 
(data  of  Irkutsk  Giproneftemash) 

7)  heat  treatment 

8)  test  temperature,  °C 

9)  holding  time,  thousands  of  hours 

10)  ov,  kg/mm2 

11)  at,  kg/mm2 

12)  an,  kg'm/cm 

13)  hardening  at  850-870°C,  cooling  in  oil,  6l0-620°C  tempering 

14)  Notes.  1.  Chemical  composition  of  steel,  %:  0.36  C;  0.48  Mn; 
0.27  Si;  1.02  Cr;  3.05  Ni;  0.025  S;  0.028  P.  2.  A  blank  300 
mm  in  diameter  was  used  for  the  studies. 


-297- 


15  II.  MuiHMHaoxMt  oaoflcTaa  npH  hmikmx  TiMnepaiypax  ' 

16  nposHOCTfc  npH  pacraxcHHH 
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TtpgiafieKta  ofipafioTKi 

,n 

0. 

|l? 
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* 

19  3tKaAKt  c  860“  C  c  oxjidkaohhcm  Ha 

+  20 

I  134 

54,0 

[116] 

MSAyxc,  ornycK  180°  C 

-70 

143 

57,0 

-196 

1  173 

48,5 

203*Kaaaa  c  820s  C  c  oxviaxuiCHHCM  Ha 

+  20 

99,7 

91,6 

17,6 

64,3 

[68| 

■oixyxe,  ornycx  650s  C 

-40 

103,3 

93,8 

17,4 

64,1 

-70 

105,6 

97,2 

17,3 

53,0 

21  npNMtaaiiK*:  I.  XhmhtcckhH  coctii  ct»jih  [fit],  %:  0,19  C;  0,49  Mn;  0.20  SJ; 
(7*2  Cr,  4.09  Nl;  0,17  W;  0.010  S;  0.03#  P.  ,  . 

2.  A*a  BeeM*oa«H«2  npawaaaii  npyroK  XHixerpoM  20  mm  [fit]. 


i 

I 
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Key  to  page  298 

1)  Steel  l8Kh2N4VA  ( l8KhNVA) 

2)  I.  Properties  of  steel  at  +20°C  according  to  QOST  4543-61 

3)  chemical  composition,  % 

4)  mechanical  properties 

5)  heat  treatment 

6)  HB,  kg/mm2 

7)  ov,  kg/mm2 

8)  at,  kg/mm2 

9)  a^,  kg»m/ cm2 

10)  not  below 

11)  quenching  from  950  and  850°C,  cooling  in  air,  180°C  temper¬ 
ing,  cooling  in  air  or  in  oil 

12)  quenching  from  950°C,  cooling  in  air  and  from  860°C  cool¬ 
ing  in  oil,  tempering  at  525-575°C,  cooling  in  air 

13)  Note.  Hardness  given  is  for  the  annealed  or  tempered  steel 

14)  Application  -  in  casehardened  or  heat-treated  state  for 
production  of  dependable  large-scale  components  (crankshafts, 
connecting  rods,  pinions,  fasteners  and  other  components) 

15)  II.  Mechanical  properties  at  low  temperatures 

16)  tensile  strength 

17)  temperature,  °C 

18)  source 

19)  quenching  from  860°C  with  cooling  in  air,  l80°C  tempering 

20)  quenching  from  82d°C  with  cooling  in  air;  550°C  tempering 

21)  Notes.  1.  Chemical  composition  of  steel,  %:  [68]:  0.19  C; 

0.49  Mn;  0,20  Si;  1.32  Cr;  4.09  Ni;  0.87  W;  0.010  S;  0.036  P. 
2.  A  rod  20  mm  in  diameter  was  used  for  the  studies  [68], 
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1  Moxyjib  cnxnrn  [68| 


2  TcpPMlMCCKfl*  oOpartoTK^ 

3_Tc»4itepnTypa.  *C 

5  3axo.iKa  c  820°  C  b  Mac-iie,  omycx  550°  C 
c  oxxawAemieM  b  Macne . 

-f  20 

8636 

• 

-70 

9525 

l 

6  XiimiiipckhA  coctiii  cTiflM,  S:  0.10  Cl  0,40  Mn;  0,20  SI;  1,32  Cr; 

4.09  Nl;  0.87  W;  0,010  S:  0,036  P. 


7  yjUpHM  XX3KOCTb 


2  TcpunxecKaa  oOpaOorxa 

2 

8  dH 

l ,  «r • m/cm *.  npx  TCMnepotype, 

•c 

o. 

+20 

D 

-40 

-70 

-100 

-196 

*2.  5 

0  3aKajina  c  850°  C  b  Macae,  ot- 
nycK  170”C . 

11,5 

9,2 

4,3 

[141] 

5  3aKaXKa  c  820°  C  b  Macae,  ot- 
nycK  550”  C  c  oxxawAeHHeM 
a  Hicne  .  .  . . 

11.7 

9,95 

7,76 

5,72 

4,0 

[68] 

1  npNMMiHMR;  I.  XHMHxecKH*  cocraa  eraJlx  [#•],  %:  0,19  C;  0,40  Mn;  0.20  SI; 
1.32  Cr;  4.00  Nl;  0,87  W;  0,010  S;  0,036  P. 

2.  A**  WCJIWUHH*  npMUCHX/IH  npyrox  20  MM  [68  ]. 


12  Buhimho  MCirrpoiiuiMOMro  irepeiuuaa  ctuh  I8X2H4BA 
.  m  ywpHyn  aasxocTb  npx  hhskhx  TCMneparypax  [118] 


13. 

HinpaaMBia  auptaxa  oOpaauoa 

8  Kr-MfCM*.  npx  TcxnapaTypa,  *C 

+20 

-20 

-60 

npoxoibiue  . . 

'Ilonepiwiue . 

15,3-16,1 

18,6-20,8 

7, 6-9,7 
17,1—17,8 

11,5-12,0 

15.0—15,3 
lu  He  onp 

14,1-15,4 

9,8 — 10,0 
11,5-11,8 

eflexHAH 

9,4-10,0 

1 7  npodOAXtHUI 


Hanpiaxixia  aMpayxr'oOpasxoa 

8  aM,  *r •M/eMt,  npx  Texnaparypa,  *C 

-80 

-100 

-140 

1^4  “ 

bHue . 

nonJp^iHbie  . 

8, 0-9,0 

11,0 

7, 0-7, 5 
11,3-11,6 

5. 5- 6,0 

7. 5- 9, 5 

8, 6-9, 6 

7,9—8, 1 

4,0 — 5,9 

ifiOpuMtoilii;  I.  XaMMieeKul  cocraa  cranx  xo  nepanxaaa,  %;  0,15  G  1,3  Cr;  4,2  Nl; 

M  -  M«|W. 

2.  B  (HMHTMI  —  MCXQMM  COCTOXXX«  (KIIXPIT  ISO  MM),  IXXIIMHITMI  —  nOCJIa  MCKTPO* 

Mixoioro  ncpenaaaa  (aaaxpiT  60  mm);  a pxaaxaxu  MxxxXinbXM*  a  MiKcaxa^kXw*  axaxeKwx 
WPiol  aaixocra. 
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Key  to  page  300 

1)  shear  modulus  [68] 

2)  heat  treatment 

3)  temperature,  °C 

4)  G,  kg/mm2 

5)  quenching  from  820°C  In  oil,  550°C  tempering  with  cooling 
in  oil 

6)  Note.  Chemical  composition  of  steel,  % :  0.3,9  C;  0.49  Mn; 

0.20  Si;  1.32  Cr;  4.09  Ni;  0.87  W;  0.010  S;  0.036  P. 

7)  impact  strength 

8)  an,  kg*m/cmz,  at  temperature,  °C 

9)  source 

10)  quenching  from  850°C  in  oil,  170°C  tempering 

11)  Notes.  1.  Chemical  composition  of  steel  [68],  %:  0.19  C;  0.49 
Mn;  0.20  Si;  1.32  Cr;  4.09  Ni;  0.87  W;  0.010  S;  0.036  P.  2. 

A  rod  200  mm  in  diameter  was  used  for  the  studies  [68] 

12)  influence  of  molten-slag  arcless  electric  remelting  of  steel 
l8Kh2N4VA  on  low-temperature  impact  strength  [118] 

13)  direction  of  specimen  cutting 

14)  lengthwise 

15)  crosswise 

16)  not  determined 

17)  continued 

18)  Notes.  1.  Chemical  composition  of  steel  before  remelting,  %: 
0.15  C;  1.3  Cr;  4.2  Ni,  traces  of  Al.  2)  The  maximum  and 
minimum  impact  strength  values  are  listed  in  the  numerator 
for  the  initial  state  (160  mm  square),  and  in  the  denominator 
for  after  molten-slag  arcless  electric  remelting  (60  mm 
square ) . 
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VS/tatteffaeSi  % 


Key  to  page  3L 


1)  fatigue  [6°] 

2)  heat  treatment 

3)  specimen  type 

4)  kg/mm2  for  n  =  107  cycles 

5)  temperature,  °C 

6)  quenching  from  820°C  in  oil,  550°C  tempering,  cooling  in  oil 

7)  circular 

8)  flat 

9)  circular  with  notch 

10)  Notes.  1,  Ch  mical  composition  of  steel  is  the  same  as  that 
in  Table  1  on  page  157.  2)  The  fatigue  limit  is  determined 
for  bending  with  rotation 

11)  short-term  tensile  strength  (o^,  ogJ  op),  kg/mm2 

12)  necking  ij>,  % 

13)  elongation  <5,  % 

14)  Pig.  64.  Effect  of  low  temperatures  on  mechanical  properties 
of  steel  l8Kh2N4VA  quenched  from  820°C  in  oil  and  tempered  at 
550°C  [68] 

15)  crb,  sk,  kg/mm2 

16)  an,  kg'm/cm 

17)  Fig.  65.  Effect  of  low  temperatures  on  mechanical  properties 
of  steel  l8Kh2N4VA  (l8KhNVA).  a)  smooth  specimens;  b)  notched 
specimens  [112] 
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2  Ttfintpomj/poX 


PNC.  W.  BjIHBHIl*  MMSKHX  TCWMpiiyp  HI  VJUPHyK)  IXlKOCTb 
IIX2H4BA,  iikiaihhoA  ■  Miene  e  MO*  C  h  ornymtNHoO 
npH  330*  C  fill] 


tTIXN 


Phc.67.  Hhwhihhc  yjMpno*  mjkocth  cti/ih 
I0XHMA  <0,17%  C  0,23%  SI;  0,45%  Mn; 
1.40%  Cr:  4,34%  Nl:  0,32%  Mo;  0,023%  P; 
0,014%  S)  ■  IIBHCHMOCTN  OT  DIAHyCI  KpH- 
■  MIN  M  ■  MPUHHC  BWTOHKH  KpVr/lUX  oOpil- 
UOB  K  TCMntpiTypU  HCnWTIHHX:  ,  , 

I  _  npx  +20*  C  »  -  npx  -106*  C  (75] 


Key  to  page  304 

1)  an,  kg»m/ cm2 

2)  temperature,  °C 

3)  Pig.  66.  Effect  of  low  temperatures  on  impact  strength  of 
steel  l8Kh2N4VA  quenched  from  820°C  in  oil  and  tempered  at 
550°C  [112] 

4)  Fig.  67.  Change  in  impact  strength  of  steel  l8KhNMA  (0.17$  C 
0.28$  Si;  0.45$  Mn;  1.40$  Cr;  4.34$  Ni;  0.32$  Mo;  0.023$  P; 
0,014$  S)  as  function  of  radius  of  curvature  at  bottom  of 
groove  in  round  specimens  and  test  temperature.  1)  at  +20°C; 
2)  at  -196°C  [75] 
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Pmc  M.  BjIMlWHI  KIAPCK  M  HHJKHX  TtHnep»Typ  HI  npeACJI  yCTlflO- 
CTHCTMM  1IX1H4BA,  IIXIJItHHO*  I  MICA*  c  920*  C  u  crrnyutH- 
ho*  npH  650*  C 

I  —  rillJ(KH*  oOpiscu,  +20*  C  1  —  HMprsiHHU*  QOpiKH, 
—70*  Cl  -  HIAPOIIMNU*  oOpueu,  +20*  C  [69  J 


Pie.  89.  Bhnirm  hiikmx  TOMntpiTyp  ■■  npejiui  ycrMocm 
CTMH  1IX2H4BA,  iinimnho*  c  120*  Ci  micjii  n  ornymiH- 
.  aol  npi  890*  C  [Mi 
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Key  to  page  306 


1)  stress  amplitude  ±a,  kg/mm2 

2)  specimen  did  not  fail 

3)  scale:  1  mm  *  0.3  kg/mm2 

4)  number  of  cycles 

5)  Fig,  68.  Influence  exerted  by  notching  and  low  temperatures 

on  fatigue  limit  of  steel  l8Kh2N4VA  quenched  in  oil  from  820°C 
and  tempered  at  550°C.  1)  smooth  specimen,  +20°C;  2)  notched 
specimen,  -70°C;  3)  notched  specimen,  +20°C  [68] 

6)  specimens  with  preliminary  tensioning 

7)  scale:  1  mm  ■  0.1  kg/mm2 

8)  Fig.  6 9.  Effect  of  low  temperatures  on  fatigue  limit  of  steel 
l8Kh2N4VA  quenched  from  820°C  in  oil  and  tempered  at  550°C  [68] 


1  ft.r  70.  yjmpnxx  im.iKrtfTK  npn  iln.v 
I  Tt*wp»typax  tr»Jin  18X21141) A, 

j  .jinKlipOMHIlo*  CltllTOTIlMCCKItM 

i  L,|Xom  (/,  J  —  MOAk  H  nonepcK 
*  (a]isk«()  a  no  o6hv 

■ol  tt«»oJ)oriiM  (2,  4  —  Bxonk  n  no- 
|  ntptK  BMOKHt)  [77] 


I 

) 


dustmen* 


-200  -!00  -120  - 90  -40  0  •  *40 

3  Ttunepamypa'C 


4  (tomb  uxrc 

5  I.  CboRctbo  npM  +20°  C  no  TOCT  5058—57 

6  Xhmh<kckhA  COCtM,  H 


c 

Mn 

SI 

Cf 

Cu 

s 

P 

Y  HB  Bonce 

0.11-0.17 

m 

0.30 

0,30 

0,040 

0,040 

8  MexMHHecuHe  caoActaa 


Tmbiibb  mm  era 

MM 

9 

KfV 

Bit.  % 

yrovi  saniGa  .. 
b  xojioanom  _ 
COCTOBNBH  1 

13  ■«  MAMA 

4-10 

60 

35 

16 

> 

•'  • 

180 

11-20 

SO 

34 

18 

« 

hpiknilH.  VroJi  iimfit  onp*Atx«x  np«  toaiuhh*  onpiiKM  (c),  pitNoK  aboAhoI 
IHVM  AUCTB  (a). 


1 5  HvHMUHUi  —  AAR  MirOTOBABABB  npc#MA«A,  HCnoJIkiyeMUX  B  npOMUUlAeBHUX  coopyme- 

IBU,  A  TBHBU  AAB  AArOTOBXAAMl  ,rlBO-  A  Bt$T*npOBOAOB. 
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1)  Pig.  70.  Low-temperature  impact  strength  of  steel  l8Kh2N4VA 
refined  with  synthetic  slag  (1,  3  -  with  and  against  grain) 
and  smelted  in  accordance  with  the  usual  procedure  (2,  4  - 
with  and  against  grain)  [77] 

2)  an,  kg •m/cm2 

3)  temperature,  °C 

4)  Steel  l4KhGS 

5)  I.  Properties  at  +20°C  according  to  QOST  5058-57 

6)  chemical  composition,  % 

7)  not  above 

8)  mechanical  properties 

9)  sheet  thickness,  mm 

10)  av,  kg/mm2 

11)  ot,  kg/mm2 

12)  bending  angle  in  cold  state 

13)  not  below 

14)  Note.  Bending  angle  is  determined  by  the  thickness  of  the 
mandrel  (c),  which  is  double  the  sheet  thickness  (a). 

15)  Application  -  for  production  of  shapes  used  in  industrial 
structures  and  for  production  of  gas  and  oil  pipelines. 
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1  II.  M0xinnh«ckh«  cboActbs  npN  HH8KMX  TBMnipBTypax 

2  yxapNM  If 3KOCTb  1 103]  . 


^  riojioKtiiHe  oOpaapoi 

i|  aH,  *r 'j m/cm*,  npH  Tcwnepaiype,  *C 

-1-20 

-20  '• 

-40 

5  BflCWlb . 

6  flonepcK  . 

10,0-19,7 

13,2 

4,2— 6,4 

5,5 

6. 1- 9,7 

7,9 

4.2- 4, 8 

4,5 

3. 8- 8.8 

5,7 

3. 9- 5.6 

4,35 

7  npHMtuMi:  I.  XhmiihcckhR  cocraa  ct.;ih,  %:  0,11— 0,18  C;  0,7  — 1, 2  Mir,  o  4- 
'0.7  SI;  <0.3  Nil  0,4-0,*  Cr;  <0,3  Cu;  <0,040S:  <0,040  P. 

2.  fljin  hcc/icaomhhA  npHMcHxcM  ropuMeKarnHufl  jihct  tojiiuhiioA  9  mm. 

3.  B  HHCJIHK/I*  A*HU  npCAMM,  ■  3Hi  MeHITCJlC  —  epeAHH*  JH1MCIIHH  yAtplIOA  IN3KOCTN, 


y 


3  Bjihihhc  TepMHMecKoA  oOpafiOTKH  ha  yjupHyio  aaskocta  ctmh  14XPC 
(aahhim  HHCTHtyta  Hetjrre-  h  yrnexHMHMecKoro  chhtcsa) 


H  ■ 

■N,  Kr-M/CM *,  np»  TaMncparype,  *C 

'■  1 

9  oOpafoTKi 

M  |  ? 

+» 

0 

-20 

-40 

-60 

r  -L.  _ 
a  s:] 

i 

^  ropiKKATAHUft 

7,5-9, 8 

6, 4-8,0 

■ 

0,8— 2,7 

0, 5-0,8 

-30 

8.4 

7,2 

7,1 

1.7 

0,7 

1  ^  OrOtOKCHHUfl 

/ 

12,3-12,8 

8, 5-9, 8 

7, 8-8, 9 

6.3-8, 7 

5,8 — 8,0 

HHwe  ] 
-60 

12,5 

9.1 

8,3 

7,2 

6.7 

1  3  HopMaAHSOBAH- 
huA  h  oTnymeHHbiA 

11,4-12,1 

11,4-12,5 

6,8-10,3 

6, 8-9,0 

7, 0-8, 7 

Hiiwe  1 
-60 

11.7 

12,0 

1 

10,1 

8,0 

7.8 

1  k  3akaachhuA  h 
omymeHHbiA 

11,5-12,0 

8,9-11,5 

8, 6-9, 5 

7, 2-8, 6 

7, 2-7, 6 

Hhmc  I 
-60 

11.7 

10,1 

9,9 

7,9 

7.4 

15  ripNHI4IMMl:  I.  flJI*  HCCJICAOIIHH*  npKUeHAAK  JIHCT  TOJI'-UHHO*  10  MM. 

2.  B  <IHCJ<KT<JI a  a*hu  np<ACAM,  ■  iHineHiTeJU  —  cp*A”H«  aHiseHH*  yAapioi  hikoctk. 


Key  to  page  310 


1)  II.  Mechanical  properties  at  low  temperatures 

2)  Impact  strength  [103] 

3)  specimen  position 

4)  an,  kg’m/cm2,  at  temperature,  °C 

5)  lengthwise 

6)  crosswise 

7)  Notes.  1.  Chemical  composition  of  steel,  %:  0.11-0.18  C; 

0.7-1. 2  Mn;  0.4-0, 7  Sij  <0.3  Ni;  0.4-0. 8  Cr;  <0.3  Cu;  <0.40 
S;  <  0.040  P.  2.  A  hot-rolled  sheet  9  mm  thick  was  used  for 
the  studies.  3.  The  limits  are  given  in  the  numerator,  and 
the  average  impact-strength  values  in  the  denominator. 

8)  effect  of  heat  treatment  on  impact  strength  of  steel  l4KhGS 
(data  of  the  Institute  of  Petrochemical  and  Coal  Tar  Synthesis) 

9)  heat  treatment 

10)  tkr,  °C,  at  anmin  =  4  kg»m/cm2 

11)  hot-rolled 

12)  annealed 

13)  normalized  and  tempered 

14)  quenched  and  tempered 

15)  Notes.  1.  Sheet  10  mm  thick  was  used  for  the  studies.  2. 

The  limits  are  given  in  the  numerator,  and  the  average  impact- 
strength  values  in  the  denominator. 

16)  below  -60 
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I  III.  CsoHoTia  OBspMux  C06ahh6hhH  npw  hhskhx  TBMntpirypax 

yjiapHaa  MSKOCTb  UIBOI  CTUH  Mxrc, 

^  cupcMHUx  ■  cpexe  yrMKMcnoro  ra»  [52] 


A. 


4  tr-M/eMt,  npH  TeuncpiType,  *C 

aH  noc/ie 
MexiHHse- 

\  Mapxi  npoiMoiu 

'  +» 

—20 

•—40 

^PCHHH  HpH 

+jo*c“ 

kT'M/CM * 

6  CB-08r2CA 

\ 

10,2-11,0 

7, 2-7,5 

7,4 

6,5— 7,8 

7.0 

•  5, 3-6, 9 

6.1 

7iCi-10rC 

-1 

8,0-12,2 

9,8 

4,8-6, 2 

5,5 

1,4-3, 7 

2,5 

4,6— 5,4 

4,8 

R  1.  MtXiHHRKKM  CTipOlt  la&AKKIAOCh  ■  piCTUKCHKH  Nl  10%  N 

iirwiiKiii  npH  tSO*  C  •  t*<mhm  <ki. 

1.  B  BNCBNTM*  ««MU  nptAMH,  I  INIMCNITC/I#  —  Cpe*HH»  tKftRCNKR  y«ipHOft  ■HIKOCTK. 
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1)  III.  Properties  of  welded  joints  at  low  temperatures 

2)  Impact  strength  of  steel  l4KhGA  welds  formed  in  carbon  dioxide 
medium  [52] 

3)  wire  type 

4)  an,  kg • m/cm  ,  at  temperature,  °C 

5)  an  after  strain  aging  at  +20°C,  kg*m/cm2 

6)  Sv-08G2SA 

7)  Sv-IOGS 

8)  Notes.  1.  Strain  aging  consisted  of  10$  elongation  and  heating 
at  250°C  for  1  hour.  2.  The  limits  are  given  in  tne  numerator 
and  the  average  impact-strength  values  in  the  denominator. 

9)  an,  kg • m/cm2 

10)  temperature,  °C 

11)  Fig.  71.  Impact  strength  of  welds  formed  in  steel  l4KhGS  in 
carbon  dioxide  medium  as  function  of  test  temperature  [98] 

12)  chemical  composition  of  wire,  % 

13)  designation 

14)  wire 

15)  experimental  powder 


-313- 


2 


l  daub  30XrCA 

I.  CaoAorrca  npH  -|  20°  C  no  TOCT  4543—61 

^  XiiMimmiiA  coctm,  V* 


c 

Mn 

SI 

Cr 

s 

P 

Nl 

Cu 

**  fit  0OAM 

0,28—0,34 

0,80-1,10 

0,90-1,20 

0,80-1,10 

0,025 

0,025 

0,25 

0,20 

5  McxaHHHeCKHC  cioAcTti 


g  TtpUNlrCK*ll  O0piOOTK« 

7  HB 
*r/MM • 

«•  (mh 

co 

kT/mm* 

9\ 

V* 

♦ 

10? 

.-a 

13  ■« 

!  MeHCt 

1 1  3«KMKa  c  880s  C  b  Macvie,  or- 
nycK  npn  540s  C  c  oxjiokabhhcm 
■  boac  Mart  MICJIC  . 

229 

110 

85 

10 

45 

6 

y. 


NiMHcnsHUt  —  jar  NaroTOMCHRR  aaJtHKoa,  ocafl,  a  tan**  eaapHMx  RORerpyRMl.  ptflo- 
MX  npa  aatKonaptMtRRyx  aarpyaRax. 


15  II.  0NSNHOONNI  OBOflOTOO  npN  HMSKHX  TIMntpBTypiX 

16  Koi^huhcht  jiHHelHoro  pacuiHpeHHR  |120] 


1 7  Hmpiui 
*  NHntparyp,  *C 

l8a,io«,  i/,pai 

17  HNTtpUA 

TtMitaptryp,  *C 

1  /ipai 

+  20— (+100)  . 

11,0 

+  20— (—183) 

8,75 

19  III.  Moxihmnbcxno  oioBctbb  npn  nhiknx  TtHntpaiypax 


20  '  npWHoeTb  mkjukhkoA  h  OTnyutCNHoA  ctmm  30XFC  [104) 


i 

2 1'  TtuntpaTypi  omycn 

8 

«.  S 

♦.  X 

+i« 

-40 

—70 

+15 

-40 

-70 

+15 

-40 

-70 

'22  Hopmuhsiohr  .... 

72,1 

78,4 

83,8 

25,1 

26,2 

24,8 

65,3 

64,6 

62,6 

2  "3  Sbkmim  c  880s  C  ■  mbc- 

■  •  Tie  c  omycxow  npn  150*  C 

165,2 

174,5 

180,1 

11,8 

{ 0,3 

12,0 

40,2 

38,0 

39,0 
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Key  to  page  314 


1)  Steel  30KhGSA 

2)  I.  Properties  at  +20°C  according  to  GOST  4543-61 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  heat  treatment 

7)  HB,  kg/mm2  not  above 

8)  o  ,  kg/mm2 

9)  at,  kg/mm2 

10)  an,  kg*m/cm2 

11)  quenching  from  880°c  in  oil,  tempering  at  540°C  with  cooling 
in  water  or  oil 

12)  Note.  Hardness  is  given  for  the  annealed  or  tempered  steel 

13)  not  below 

14)  Application  -  for  production  of  rollers,  axles,  and  weldments 
operating  under  alternating  loading 

15)  II.  Physical  properties  at  low  temperatures 

16)  coefficient  of  linear  expansion  [120] 

17)  temperature  interval,  °C 

18)  a«106,  deg”1 

19)  III.  Mechanical  properties  at  low  temperatures 

20)  strength  of  quenched  and  tempered  steel  30KhGS  [104] 

21)  tempering  temperature 

22)  normalizing 

23)  quenching  from  880°C  in  oil  with  tempering  at  150°C 
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go,,  kV/mm * 

2  Ttuntpityp#  omyCK*  — ~ ”— 

+16  —40 


1  npndoAXtHue 


♦.  S 


-70  +16  -40  -70 


1|  3iK8flK6  c  880*  C  b  Mac¬ 
ao  c  ornycKOM  npu  pa&nim- 
mix  reMnepaTypax,  *C: 

200 

163,8 

169,3 

176,5 

11,0 

11.4 

11,3 

42,7 

40,8 

42,6 

250 

163,5 

170,1 

174,5 

11,3 

11,9 

11,7 

49,1 

49,4 

50,1 

300 

162,7 

169,0 

172,6 

11.1 

10,2 

11.4 

48,6 

49,9 

50,2 

350 

160,6 

166,4 

171,5 

11,3 

11,3 

11,0 

48,0 

47,5 

49,0 

400 

137,3 

145,6 

,148,5 

11.2 

10,2 

11,0 

47,0 

47,3 

47,5 

450 

126,0 

129,3 

134,0 

13,6 

14,0 

13,5 

55,1 

54,4 

53,4 

500 

112,4 

115,9 

120,9 

15,5 

16,2 

16,3 

54,0 

54,4 

55.4 

^  npNUMIHHI.  COCTia  CTaHH 

%:  0.32  C  1,04  Mn; 

1,02  SI;  0,92  Cr. 

ytnn«p«rypa 


g  MoxyaH  [68] 


Moxy/ii,  nr /mm • 


B 


20  200 


g  MoayflH.  Itr/MH* 


B 


20  600  - 

20  800  - 


mi*.  Wo.js'c  0,94  Mn;  0.97'Sl:  0,66  Cr;  0,01957  0,0*4  P. 

t.  TtpMmeenin  oOpaOoriui  aaaaxKa  e  860*  C  a  Mac/it,  ornyeK  836*  C. 


I.  Mqayjib  O  onpaxaaaa  a**  ctiam  eauyioaiero  XNHaaaeKoro  to- 
i;  0.97  51;  0,68  Cr;  0,019  S;  0,024  P. 


10  BjmaHHc  TeMneptTypu  omycu  Ha  yjupHyn  aasaocri. 


I  11*>*  **■•*/««*.  npa  Tcunaparypa,  *C 

2  TapMiaacxaa  oOpaOorxa 


3  3axajixa  c  880°  C  b  nacne,  or- 
nycK  npH  160*  C  . 

To  ace,  c  ornycKOM  npji  pas- 
aaxxux  Tcunep^pax,  *C: 

,.  250 
300 
'  350 
400 
450 
500 
550 
600 
650 
700 

1 5  HopMUIHSmHI . 

16  npmmui. 

17  XuMuntcKua  e*tmat  cmtuu, 


Tlarapa  • 
rypa 


Key  to  page  316 


1)  continued 

2)  tempering  temperature 

3)  °v,  kg/mm2 

4)  quenching  from  880°C  In  oil  with  tempering  at  various  tem¬ 
peratures,  °C 

5)  Note.  Steel  composition,  %:  0.32  C;  1.04  Mn;  1.02  Si;  0.92  Cr. 

6)  moduli  [68] 

7)  temperature,  °C 

8)  moduli,  kg/mm2 

9)  Notes.  1.  Modulus  G  was  determined  for  steel  of  the  following 
chemical  composition,  %\  0.28  C;  0.94  Mn;  0.97  Si;  0.88  Cr; 
0.019  S;  0.024  P.  2.  Heat  treatment:  quenching  from  880°C  in 
oil,  225°C  tempering 

10)  effect  of  tempering  temperature  on  impact  strength 

11)  an,  kg*m/cm2,  at  temperature,  °C 

12)  source 

13)  quenching  from  880°C  in  oil,  tempering  at  150°C 

14)  same,  with  tempering  at  various  temperatures,  °C 

15)  normalizing 

16)  Note. 

17)  Chemical  composition  of  steel,  % 

18)  literature  source 
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Key  to  page  318 

1)  fatigue  limit  In  rotational  bending 

2)  type  of  semiproduct 

3)  heat  treatment 

4)  specimen  shape 

5)  o1,  kg/mm  ,  for  n  =  107  cycles 

6)  rod  20  mm  In  diameter 

7)  quenching  from  880°C  In  oil,  225°C  tempering 

8)  smooth  circular 

9)  circular  with  notch 

10)  Note.  Chemical  composition  of  steel,  %:  0.28  C;  0.94  Mn;  0.97 
Si;  0.88  Cr;  0.019  S;  0.024  P. 

11)  fatigue  limit  in  impact  bending  [78] 

12)  test  temperature,  °C 

13)  ai,  kg/mm2 

14)  quenching  from  880°C  in  oil,  450°C  tempering  (HRC  =  38-40) 

15)  quenching  from  880°C  in  oil,  180°C  tempering  (HRC  =  47-49) 

16)  Notes.  1.  Chemical  composition  of  steel,  %:  0.33  C;  O.98  Mn; 
0.96  Si;  0.91  Cr;  0.011  S;  0.019  P.  2.  Cantilevered  rectan¬ 
gular  specimen. 

17)  crb,  os,  Op,  kg/mm2 

l£;  transverse  constriction  Y,  % 

19)  elongation  6,  % 

20)  temperature,  °C 

21)  Fig.  72.  Effect  of  low  temperatures  on  mechanical  properties 
of  steel  30KhGSA  quenched  in  oil  from  880°C  and  tempered  at 
400°C  [68] 
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Key  to  page  320 

1)  an,  kg»m/ cm2 

2)  temperature,  °C 

3)  Fig.  73,  Effect  of  low  temperatures  on  impact  strength  of 
steel  30KhGSA  quenched  in  oil  from  880°C  and  tempered  at  225°C 
[68] 

4)  ultimate  strength  cr^,  kg/mm2 

5)  tempering  temperature,  °C 

6)  Fig.  7^.  Low-temperature  mechanical  properties  of  steel 
30KhGSA  quenched  from  880°C  in  oil  at  various  tempering 
temperatures  [10^] 

7)  Fig.  75.  Effect  of  low  temperatures  on  impact  strength  of 
steel  30KhGSA  quenched  from  880°C  in  oil  and  tempered  at 
various  temperatures  [68] 


: 
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lj  Vuc/to  uunncB 

C,  PNC.  76.  np«A«/l  yCTiflOCTH  NUAKHX  H  HaApesillllblH  oS^iiuod  cra/m 
"'SOXI'CA,  (0.28%  C  0.94%!Mn;  0,97%  SI;  0,88%  Cr;  k  0,019%  S; 
■0,024%  P;  aikaachhoA  ■  MicM  c  680*  C  H  OTnymcHHofl  npH  226*  C 

161  Js 

—  miaknII  oOpiKA.  +20*  Cl  -  HiApesaHNuft  ofiputu,  —70*  C 
3  —  NtAPOINHuS  oOpaaeu,  +20*  C 


6  ■  ar.Kf»/crt> 


Phc.  77.  HsMeneKHC  yAapm  bajkocth  ct*ah  30XTCA 
(0,34%  C  0,022%  S;  0,020%  P;  1,13%  Si;  1,08%  Mn; 
1,02%  Cr),  (iKiAeHHoU  h  oinyittCHHol  npN  660*  C,  a 

AMNCN UOCTN  OT  piAHyCA^KpHIMSMId  ■  BCptUKHe  IWTONKH 

xpyp/iui  odpiiuoi  n  T*Mn*p«rypu  icnwiMi  [76] 


Key  to  page  322 


1)  stress  amplitude  ±a,  kg/mm2 

2)  scale:  1  mm  ■  0.1  kg/mm2 

3)  specimen  did  not  fail 

4)  number  of  cycles 

5)  Pig.  76.  Fatigue  limit  of  smooth  and  notched  specimens  of 
steel  30KhGSA  (0.25?  C;  0.94  ?  Mn;  0.97?  Si;  0.88?  Cr;  0.019 

S;  0.024  ?  P;)  quenched  in  oil  from  880°C  and  tempered  at  225°C 
[683.  1)  smooth  specimens,  +20°C;  2)  notched  specimen,  -70°C; 

3)  notched  specimen,  +20°C 

6)  a„,  kg*m/cm2 

7)  Pig.  77.  Change  in  impact  strength  of  steel  30KhGSA  (0.34?  C; 
0.022?  S;  0.020?  P;  1.13?  Si;  1.08?  Mn;  1.02?  Cr),  quenched 
and  tempered  at  650°C  as  function  of  radius  of  curvature  at 
bottom  of  groove  in  round  specimens  and  test  temperature  [75] 


a 


3  4  5  6  7  0910  15  70  30  4 0  50  70  WO 

2  Ko/ruvecmOo  wtn/ioO.N-IO3 

b 


^Pnc.  78.  yxipHiR  ycTUioCTb  (aHaxoncpeMeiiHax)  cTaJiK  30XTCA, 
TepMHqccKH  oOpafionHHo*  Ha  TiepAocTb: 
a  —  HRC  38—40;  6  —  HRC  mm  47  —  49  npH  reMnepiTypax 

+20  H  —60*  C  (/  —  HtynpoMHCHHaH  npH  +20*  G  2  —  npn 
•  —80*  C) 


4  Ciajib  10XCHA  (CXJI-4) 


5  I.  CboRctbo  npH  +20°  C  no  T0CT  5058—57 

6  XhmhhcckhA  coctbi,  % 


Mn 

SI 

Cr 

Ni 

Cu 

0,60-0,80 

0,80-1,10 

0,60-0,90 

0,50-0,80 

0,40-0,65 

B 

y  Ht  fiojiee 


0,040 


0,040 


12 


Key  to  page  324 

1)  kg/mm2 

2)  number  or  cycles,  N*103 

3)  Fig.  78.  Impact  fatigue  (alternating-sign)  of  steel  30KhGSA 

heat-treated  to  hardness  of:  a)  HRC  =  38-40;  b)  HRC  =  47-49 
at  temperatures  of  +20  and  -60°C  (1)  unhardened  at  +20°C:  2) 
at  -60°C).  * 

4)  Steel  lOKhSND  (SKhL-4) 

5)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

6)  chemical  composition,  % 

7)  not  above 
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1 


1  Mcxniiii<rcKMc  cnoficmn 


2  Tojiiiiuha 

I 

2"„'  xr/MM*  | 

4 

PT  kI'/mm* 

ft,..  % 

VroA  liiriirt.i 

S 

II pH  HCHMt.'IHHH 

npov.iT.i,  W.M 

l»  XO/IO/VHOM 

6 

IIO  MCIICC 

eocTomiNM 

-1  —32 

r> 1  | 

-in 

16 

160° 

33— U) 

r>i 

37 

16 

7  n  p  ii  m  c  m  it  h  h  n:  I.  McKniiwMrcKiir  cimActnn  aa*  npoKuTO  tpaiiikiioA  6oacc  15  mm  mxo- 
cure*  k  tt pMM'iccKii  ofipnOiunmi.iMy  Mcm/tity. 

2.  yro.i  an r iirtn  onprACACit  itn  nnp»BKP  (c),  pomioR  ABoflimR  toaiuhiio  amcti  (a). 


8  HaiHattMUe  —  nptiMciiAioT  o  cyAOCTpocmtH  nan  Kopnycwyto  cta/tb. 


9  II.  MaxaHHHSCKMt  cbohctbs  npw  hhskhx  reiwnepaTypax 


10  flpoMHOcTb  npH  pacmxeHHH  ctbah  10XCHA  (CX71-4)  (47J 


:5 

ii  Ip 

1  2CocTO*HMe 

a  . 

>,  K 

h  a 

a  Si  o 

ir3 

•* 

k 

* 

£  3 

‘S 

* 

t? 

14 

8 

3S 

H  * 

Jt  C 

is 

j- 

«  1 

© 

« 

O 

ol/ 

$ 

+  20 

39,8 

52,5 

30,3 

56,1 

75.8 

10 

15 

ropnieKaTanbiA 

40,4 

52,2 

30,3 

59,6 

77.4 

-20* 

44,6 

55,0 

35,0 

71,6 

81,0 

-40 

44,5 

58,5 

35,0 

64,4 

76,1 

14 

15 

+  2Q 

41,7 

63i0 

24,2 

63,5 

66,2 

ropil<KKaT0HUA 

-20 

47,7 

66,5 

25,9 

61,0 

71,7 

-40 

.50,3 

73,5 

22,9 

59,0 

68,4 

1 

+  20 

42,6 

56.2 

23,2 

67,6 

75,8 

42,7 

56,5 

19,3 

64,4 

75,5 

45,3 

55,5 

23,2 

65,7 

81,6 

Iff  . 

16 

3aKa^aa  h  bucokhA  omycK 

-20 

47,6 

49,5 

59.6 

62.7 

31,6 

28,3 

70.9 

73,3 

79.8 

78.9 

\ 

-40 

59,6 

68,5 

25,1 

67,7 

87,0 

50,0 

65,6 

30,3 

69,8 

76,2 

Key  to  page  326 


1)  mechanical  properties 

2)  rolled-stock  thickness,  mm 

3)  av,  kg/mm2 

4)  ot>  kg/mm2 

5)  Bending  angle  on  testing  in  cold  state 

6)  not  below 

7)  Notes.  1.  Mechanical  properties  for  rolled  stock  thicker  than 
15  mm  are  referred  to  the  heat-treated  metal.  2.  The  bending 
angle  is  determined  on  a  mandrel  (c)  equal  to  double  the  sheet 
thickness  (a) 

8)  Application  -  used  in  shipbuilding  as  a  structural  steel 

9)  II.  Mechanical  properties  at  low  temperatures 

10)  tensile  strength  of  steel  lOKhSND  (SKhL-4)  [ i| 7 3 

11)  sheet  thickness,  mm 

12)  state 

13)  test  temperature,  °C 

14)  at/0v*iOO 

15)  hot-rolled 

16)  quenching  and  high  tempering 
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Key  to  page  328 


1)  impact  strength  as  function  of  heat  treatment  (data  of  the 
Institute  of  Petrochemical  and  Coal  Tar  Synthesis) 

2 )  sheet  thickness,  mm 

3)  material  state 

4)  impact  strength  an,  kg»m/cm2,  at  temperature,  °C 

5)  tkr,  °c,  at  an  <  4  kg»m/cm2 

6)  below  -60 

7)  hot-rolled 

8)  annealed 

9)  normalized  and  tempered 

10)  quenched  and  tempered 

11)  normalized 

12)  quenched 
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To«mm 


t 


20 


CocTOURHe  MiTepiti.ia 


6  ropfmeKaTaubiA  . 

7  HopMa^HsosaHHuA  .... 
83aKa^eHHuA  h  oTnymeHHbiA 
9  flwJwpMauHOHHoe  CTapeHHe 

lOllpHMMIRKII: 


4  Vxapaia 

BflSKOCTk  aH 

Kr-M/CM 

+20 

0 

-20 

-40 

32,0 

30,3 

27,0 

32,0 

30,3 

27,0 

28,9—30,0 

28,0 

27,0 

25,0 

29,5 

28,0 

27,0 

25,0 

34,0 

32,9 

27,4 

34,0 

32,9 

27,4 

22,0 

18,0 

22.0 

18,0 

11  I.  XuMUHiaeui  cocnat  cma.tu,  •/, 


TOAiaHHB  JIVCTI 

2  MU 

C 

Mn 

<S1 

Cr 

Nl 

10 

0.12 

0.50 

0.84 

0,72 

0.57 

o;i«‘ 

0.72 

1.35 

0.81 

0.48 

20 

0.12 

0,77 

0.90 

0.84  ' 

0.58 

IROll  1KJKOCTH. 


0- 


1  npodoAXtwe 


npK  TeMnepiType,  *C 

i  5 

*.  *3 

a  It 
!-  •*  V 

-60 

-80  . 

-100 

20,4-24,0 

22,4 

— 

0,8— 2.2 
1.5 

-80 

19,6 

7,0-18,0 

2.5 

19,6 

13,0 

2,5 

17,6 

12,6-24,0 

2,9-22,5 

-100 

17.6 

17,0 

12,7 

2,4— 9.0 

6.2 

2.4 

-60 

5,0 

6.2 

2.4 

% 

Key  to  page  330 

1)  continued 

2)  sheet  thickness,  mm 

3)  material  state 

*0  impact  strength  an,  kg-m/cm2,  at  temperature,  °C 

5)  tkr,  °C  at  anmin  1  ^  kg*m/cm2 

6)  hot-rolled 

7)  normalized 

8)  quenched  and  tempered 

9)  strain  aging 

10)  Notes. 

11)  1.  Chemical  composition  of  steel,  % 

12)  2.  The  limits  are  given  in  the  numerator,  and  the  average 
impact-strength  values  in  the  denominator. 
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1  yjiapMaa  amnocTb  AayxcnoAiioA  email  lOXCHfl  (CX J1-4)  +  XlflMOT  |19| 


PacnoAOXtcmie  unApc.ia 

2  ha  oflp.taue 

^  fl„  1  Kr-MftM *.  npn  TcMiippnrype,  *C 

V  *c-  ''P"  u 

0  «r*4/t** 

+20 

—40 

-60 

5  floncpeK  ociionuoro  MeTaa- 
ja  11  naaniipyiomero  c.ion 

D  no  ociiooHOMy  MeTa^ay 
rj  no  naaaiipyiomPMy  caoio 

10,7-19,7 

9,0-31,0 

8,2-22,9 

5,5-19,2 

6,8--26,3 

4,3-18,2 

3,3-18,2 

2,2-19,3 

1,7-13,9 

Hmice  —60  8 
»  -50 

»  -50 

9  n  P  II  M  e  h  a  h  II  «:  I.  OchobiioA  Meraaa  —  crmib  MapKii  10XCHA  (CXA-4),  natKNpy* 
biwiA  mpt aaa  —  craab  XI8II9T. 

].  npiiDPACHM  npcflcabiiuc  auaMPHiiD  yaapHoft  bh.ikoctm. 

3.  A  a"  HccacflOBaHiiA  npiiMcitnaii  aiicr  Toamwiofl  10  mm. 


10  Ran b hm?  Toincparypiioro  pemiiam  roptmrfl  iiiOmi 
hi  MexaHimecKiie  cboActb*  ctoaii  I0XCHA  (CXJ1-4)  |40] 


1^  MxHHHaabHuc  BHaseHHH 


11  TBMOepaypHuft^pexNM 

12 

flT,  Kr/MM • 

% 

«H,  «r- «/<«'.  npn  TaMni* 

3  patypa,  *C 

+ao 

-40 

HcxoAiioe  cocTORHHe 

49,9  • 

27,1 

21,8 

15.8 

1100-900 

40,6 

22,3 

2.0 

0,5 

950-650 

•  38,6 

24,8 

6.6 

1.0 

950-600 

•  37,1 

14,3 

0,7 

0,4  ; 

830-680 

39,0 

27,6 

14,8 

1,3 

650-400 

42,8 

20,5 

14,3 

8,7 

15n  p  H  M  I  n  ■  ■  H  €.  Aa*  HCCaeAOBBHH*  npHMBHBaH  aHCT  TOamMHoA  20  MM. 


16  III.  CBOiiCTBa  CBapHblX  C00AHH6HHfi  npM  HH1KMX  TOMnOpBTypBX 

17  flpOHHOCTb  npH  paCTRXCHHH  MCTUUia  Uila, 

IKMyHCHHOro  MTOMaTHHCCKOft  CiapxoA  XHCTOI  H3  CTBJIH  lOXCHfl  (CXJI-4)  [47] 


19 

MecTo 

BUpCSKH 

o6pa.ua 


£20 

„  22 

t" 

12 

21 

" 

S.5 

|S 

°T 

Kr/MM • 

xr/MM • 

% 

+  .  % 

-L.100 

°B 

+20 

35,7-40,3 

53,5-55,8 

21,3-29,0 

64,2-68,5 

66,6-73,0 

39,6 

54,9 

•  25,5 

66,4 

71*1 

-40 

57,5-60,3 

22,6-29,3 

60,2-69,5 

68,1-75,7 

42,0 

58,8 

• 

~ 25j“ 

65,7 

71,5 

16 


23 

Meraaa  uisa, 
noflyMeHHuA 

aBTOMSTH- 

lecKoA 

CBtpKOA 


Key  to  page  332 


1)  impact  strength  of  laminated  steel  IGKhSMD  (SKhL-^4)  +  Khl8N9T 
[^9] 

2)  position  of  specimen  notch 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  tkr,  °C  at  an  <  3  kg*m/cm2 

5)  across  base  metal  and  cladding 

6)  along  base  metal 

7)  along  cladding 

8)  below  -60 

9)  Notes.  1.  Base  metal  is  steel  type  lOKhSNL  (SKhL-4);  clad 
metal  is  steel  Khl8N9T.  2.  The  limiting  impact-strength  values 
are  listed.  3.  A  sheet  10  mm  thick  was  used  for  the  studies. 

10)  Influence  of  temperature  conditions  of  hot  bending  on 
mechanical  properties  of  steel  lOKhSND  (SKhL-iJ)  [49] 

11)  temperature  conditions  of  bending,  °C 

12)  at,  kg/mm2 

13)  minimum  values 

14)  initial  state 

15)  Note.  A  sheet  20  mm  thick  was  used  for  the  studies 

16)  III.  Properties  of  welded  joints  at  low  temperatures 

17)  tensile  strength  of  weld  metal  obtained  by  automatic  weld¬ 
ing  of  steel  lOKhSND  (SKhL-4)  sheets  [47] 

18)  sheet  thickness,  mm 

19)  location  of  specimen  grooving 

20)  test  temperature,  °C 

21)  cv,  kg/mm2 

22)  at/ov-100 

23)  weld  metal  obtained  by  automatic  welding 


-333- 


1  tlpodn/iMPmic 


3 

Mrrrn 

ntJpr.iMi 

ntipictiin 

«3 

a  - 

£  5 

ej  i 

1( 

a! 

5. 

xr/MM 1 

6 

% 

kT/mm* 

*•.  r. 

S'.  */• 

M 

8 

Mot.'i.iji  ninn, 
nafiy1 <ici  in  bill 
hdtomotii- 

MCCKOii 

CR.ipKOii 

+  20 

—10 

41.8- 4+8 
43.3 

43.8- 51,3 
46,9 

56,1-59,9 

58,7 

65,0-67,0 

65,9 

21,3-23,0 

22,2 

22,0-26,3 

23,8 

56,4-61,9 

58,1 

54,2-60,2 

57,0 

71.7- 70,3 
73,8 

65.8- 77,0 
>71,2 

30 


y  n  n  H « ♦  m  n  h  n  t. 

yfltpHofl  aniKoCTK. 


n  HHc^HTe^e  fliHbi  npcfle/ru,  a  aKSMeiiaTCAC  —  cpcAMMe  aiiaMCHita 


20  Bahshhc  caapoMHUX  M&TepHaAOB  h  cnoco6a  caapKH 
hs  yaapHyio  aaaxocTb  caapHux  cocahhchhM  hs  crajiH  fOXCHA  (CXJI-4)  (50] 


ni\ 

11 

12 

CaapofHbie 

3 

Mccto  aupeaxH 

aH,  kT  m/cm ■,  npa  TCMne- 
patype,  *C  13 

-  1 
■|5 
§S 

Bha  caapKH 

Maiepua^u 

oBpaaua 

+20 

-40 

- 

Pywax  (Hop- 
M8AbHblA  pe>«HM) 

15  - 

14  PyHHtu  a> 

SaCKTPOA 

yOHH-13/45A 

l6_ 

i  tKmpocaapKa 

Mer  baa"  ZuBa 

18 

OciiobhoA 

MCTIAA 

16,8-17,2 

17,0 

9,5-10,6 

10,1 

12,1-13,4 

12,6 

1, 0-4,8 
3,2 

12 

PyHHal?  (Hop- 
MaAbHfalA  peWHM) 

19 

SAexTpofl 
yOHH -13/55 

17 

MeraAA  iubb 

18 

OCHO^HOft 

MeTajui 

13,7-16,9 

14,8 

9,5-10,6 

10,1 

SH 

- 

15-  ' 

PywaH  (Hop- 
MBAbHblA  pe>KHM) 

20 

SAempoA 

OMM-5 

17 

-  MeTaAA  iuBa 

18 

OCHOBHOA 

MeraAA 

9, 0-9, 9 

9,7 

10,8-11,6 

11,0 

6, 5-7, 3 

6,8 

9,7-10,2 

9,9 

28 

21 

PyMHau  (6oAb- 
max  noroHHax 

SHeprnx) 

16 

SAeKTpOA 

yOHH‘13/45A 

1 

17 

MeTaAA  maa 

18  ‘ 
OchobhoA 

MeTaAA 

. 

wm 

0,7-6, 5 

2,0 

6, 0-6, 8 

6,4  / 

Key  to  page  33^ 


1)  continued 

2)  sheet  thickness,  mm 

3)  location  of  specimen  grooving 

4)  test  temperature,  °C 

5)  ot,  kg/mm2 

6)  av,  kg/mm2 

7)  a^/aY’100 

8)  weld  metal  obtained  by  automatic  welding 

9)  Note.  The  limits  are  given  in  the  numerator  and  the  average 
impact-strength  values  in  the  denominator. 

10)  influence  of  welding  materials  and  method  of  welding  on 
impact  strength  of  welded  joints  in  steel  lOKhSND  (SKhL-4) 
[50] 

11)  type  of  welding 

12)  welding  mat|rials 

13)  an,  kg’m/cm  ,  at  temperature,  °C 

14)  manual  electric  welding 

15)  manual  (normal  procedure) 

16)  UONI-13-^5A  electrode 

17)  weld  metal 

18)  base  metal 

19)  UONI-13/55  electrode 

20)  OMM-5  electrode 

21)  manual  (high  energy  per  foot) 
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I 


^  llpvdi'Axemit 


2  U 

b* 

3 

Una  cnapaa  • 

4 

Cn.ipo«iMNC 

M.ITTpil.l/IW 

5 

Mfcm  nupciKii 
oCpnaiin 

1  «  .  kI'-m/cm *,  npti  Tcnna- 
5  pnrypc.  *C 

+» 

-40 

12 

AHTOMaTii'iecKan 
(iiopMa.TbiiuH  pe- 
whm) 

7  AeniOMamu 

n  9 

llponojioKa 

Cd-08A. 

4>.iioc  OClj-45 

mecKa> i  ceapKa 

u  10 

MeTaA/i  mna 

11 

OcilORiloft 

MGTa/Ul 

9,6-12,7 

11,0 

9,5-10,6 

10,1 

1. 3-4,0 

2,5 

1,0-4, 8 

3,2 

28 

12 

ABTOMaTHMecKan 
(6oabiuan  noroH- 
H8R  SHeprH*) 

IlpOBOJIOKa 

9  Cb-08A. 

4). tkk  001-45 

10 

Merafla  niBa 

11 

OciiobhoA 

MtrtaAA 

11,2-12,3 

11,6 

8,5-10,1 

9,3 

• 

5, 6-7, 3 

7.1 

6,0— 6,8 

6,4 

30 

3jieKTpouuiaK0- 

lH 

13  SAtKmpom 

ripoBonoKi 
,  cCB-ior2 
-Lt) 

i OKoean  ceapKa 

16  Viiap 
b  ueHTpe  ujBa 

y^ap  B  30HC 

^  y  bjinbhhb 

10,3-11,9 

11.4 

8,7-18,0 

13,9 

4.8— 7.1 

6,8 

3, 5-9,1 

6,0 

14 

IlaayaBTOMaTH- 
MCCKBM  9 

18  B  cpedt  yt 

npOBoaoKa 

2(^B-08r2C 

•  4 

UKUCM090  2Q3CL 

16  VAap 
b  ueHTpe  ujbs 

y^ap  b  30He 
^bahhhhsT 

12,5-13,3 

12,9 

9,0-15,6 

11,6 

7, 8-9.1 

8,5 

4,6-82 

5,9 

20 

.  \ 

IlOJiyiBTOMBTH* 
lacKBB  j  9 

\ 

npOBOnOK* 

Ca-08r2C 

20 

16  yAap 
b  ueHTpe  ujBa 

yAap  b  3one 

rj  BJIHHHHH 

6,5-12,1 

8,9 

5,3-8, 1 

6.5 

30 

riojiyaBTOMa-’w- 
jecKaH  i  g 

npOBOnOKB 

CB-08r2C' 

20 

16  yAap 
b  ueHtpe  ujBa 

yAap  b  aoHe 

BAHflHHfl 

13,8-15,0 

14,3 

10,6-13,2 

11,5 

\ 

7.2- 10,6 

9.5 

4. 3- 6, 8 

5.6 

21  •npHMC«aaa«.  B  aacaaTeaa  «tiy  npawMU,  ■  naiMNaTM*  —  cpmhmc  iNiaeUH*  y«ap- 

. «o»  aajKOCTH. 
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Key  to  page  336 


1)  continued 

2)  sheet  thickness,  mm 

3)  type  of  welding 

4)  welding  materials 

5)  location  of  specimen  grooving 

6)  an,  kg*m/cm2,  at  temperature,  °C 

7)  automatic  welding 

8)  automatic  (normal  conditions) 

9)  Sv-08A  wire,  OSTs-45  flux 

10)  weld  metal 

11)  base  metal 

12)  automatic  (high  energy  per  foot) 

13)  molten-slag  arcless  electric  welding 

14)  molten-slag  arcless  electric  welding 

15)  Sv-10G2  wire 

16)  impact  centered  in  weld 

17)  impact  in  weld-metal  zone 

18)  in  carbon  dioxide  medium 

19)  semiautomatic 

20)  Sv-08G2S  wire 

21)  Note.  The  limits  are  given  in  the  numerator  and  the  average 
impact-strength  values  in  the  denominator. 
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I  y*n|iHiin  nn.iKOCTh  sunon  113  (Tajiit  f OXCItAi 
cnnpriiiiux  u  cpt.ic  yMCxiicjtoro  raja  |5'2| 


Mapxa  npoBoaoKii 

^  aH,  *r npii  TcwnepiType,  *C 

nocaej 

MCX-tllM-lf. 

cxoro  era. 
P«»H*  npa 
+20*  C 

+20 

-20 

—40 

5  Cu-08r2CA 

'9,7-11,2 

10,3 

7, 2-8, 5 

8,0 

<5,3-7, 4 

5.7 

5, 7-8, 5 
7,2 

6  Cn-08rCA 

11,2-12,8  • 
12,0  - 

8,5-10,0 

9,0 

7, 6-9, 2 

8,0 

6, 4-8, 6 
7.8 

7  Ca-iorc 

10-13 

12 

7-9 

8 

2-6 

4 

— 

8  II  p  n  M  m  1  h  m  «:  t.  MexiHHtecKoe  eTapeime  aaiutmajioca  a  picraMHaa  a*  10%  a 
MarpeaaHHH  npn  -f  250*  C  a  re  vane  aaca. 

2.  B  aHcaMTcac  aiHu  npcAeau,  a  aaaiKHiTcvia  —  cpexKaa  aaaaeaaa  yaapaol  aiaxocra. 


Key  to  p.jce  3 3 B 


1)  impact  strength  of  steel  lOKhSND  welds  formed  in  carbon  dioxide 
medium  [52] 

2)  wire  type 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  an  after  strain  aging  at  +20°C,  kg»m/cm2 

5)  Sv-08G2SA 

6)  Sv-08GSA 

7)  Sv-IOGS 

8)  Notes.  1.  Strain  aging  consisted  of  10$  elongation  and  heat¬ 
ing  at  +250°C  for  1  hour.  2.  The  limits  are  given  in  the 
numerator,  and  the  average  impact-strength  values  in  the  de- 


9) 

10) 
11) 


12) 


nominator, 
a  ,  kg*m/cm2 
temperature,  °C 

Pig.  79.  Relationship  between  impact  strength  of  steel  lOKhSND 
(SKhL-4 )  sheets  20  mm  thick  (0.12$  C;  0.77$  Mn;  0.9$  Si: 

0.022$  S;  0.024$  P;  0.84$  Cr;  0.56$  Ni )  and  test  temperature 
after  normalizing  at  various  temperatures.  1)  920°C;  2) 

1000°C ;  3)  1100  [971 

Pig.  80.  Relationship  between  impact  strength  of  steel  lOKhSND 
(SKhL-4)  sheets  20  mm  thick  (0.12$  C;  0.77$  Mn;  0.9$  Si; 

0.022$  S;  0.024$  P;  0.84$  Cr;  0.56$  Ni)  and  strain  aging. 

1)  as-delivered  state;  2)  strain  aging  with  10$  elongation 
and  heating  for  2  hours  at  +200°C  [97] 
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4 


2  2  Ttrtntpamgpt'C 

Pit.  ll.iyupmii  •■iKocrh  cupHux  iuboi,  » wnojiHetfnux 
iictiah  IIOXCHA  (CXJI-4)  ■  cpeje  yrMKMMoro  run.  * 

(■■■CIMOCTH  OT  TCHmpiTypU  HcnUTIHHX  [96  J 


Y  XuMuntcKui  cot  mat  cmatu,  % 


• 

«■ 

?  * 

li 

n  9 

IlpOBOJIOKt 

c 

Mn 

SI 

Cr 

10 

1 

ci- lore . 

0.14 

:,06 

0,60 

— 

1 

1  ]OnuTlil  nopouiKO- 

MU . 

0,16 

2.3 

.0.40 

_ 

1 

12r°  mo  . 

0.16 

2.5 

0,45 

— 

4 

»  ...... 

% 

0,16 

2.5 

0.45 

0.30 

12  C.  M.  ryjKOi  lost 


5  Tun  oSpoma 


Phc.  82.  KpHTHiecKHe  TeMneparypu 
xpynKocTii  mien  toaiuiihoA  16  a*. 
laxaAeimoM  h  OTnymeiiHon  coctoi- 
hhh  M3  ctbah  I0XCHA  (CX/I-4). 

/  —  eocTomiHe  nocniKH,  npoAOAt- 
Hue  oOpaauu;  2  —  to  me.  nonepei- 
nue  oflpasuu.  S  —  nocjie  cnpeiiH*. 
npoAOAkHue  ofipisuu;  4  —  to  me, 
nonepe.HM. otfpunu;  l,ll,lll,IV 
k  V  —  Tun  oOpaam  no  rOCT9454— “ 
60;  Tk  —  KpHTHiecKee  Teunepaiypa, 

onpeAeAeHHi*  nooH;  T ®  —  VpitTHie* 
CHM  TeunepiTypa,  onpeAeACHHaa  no 
nAicTH.ecno8  AefcopMaUMH  yA>P«oro 
ofipaaua;  T*  —  KpHTKeecKaH  TeMne- 

paTypa,  onpeAeAeHHaii  no  nponemy 
aaaKoA  cocraaaaiome*  ■  ntAoue  o6- 
paaua.  KpNTxeeeKMe  reMneparypu 
onpeAeAciiu  no  60%  (NieeMM*  it- 
piKTepMCTMK  npi  +20*  C  142] 
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Key  to  page  340 


1)  an,  kg*m/cm2 

2)  temperature,  °C 

3)  Fig.  8l.  Impact  strength  of  steel  lOKhSND  (SKhL-4)  welds 
formed  in  carbon  dioxide  medium  as  function  of  test  tempera¬ 
ture  [98] 

4)  critical  brittleness  temperature,  °C 

5)  specimen  type 

6)  Fig.  82.  Critical  brittleness  temperature  of  quenched  and 
tempered  steel  lOKhSND  (SKhL-4)  sheet  16  mm  thick.  1)  as- 
delivered  state,  longitudinal  specimens;  2)  same,  transverse 
specimens;  3)  after  aging,  longitudinal  specimens;  4)  same, 
transverse  specimens.  I,  II,  III,  IV,  and  V)  specimen  type 
according  to  GOST  9454-60.  t^  is  the  critical  temperature 
determined  from  an;  tjJ  is  the  critical  temperature  determined 

from  the  plastic  deformation  of  an  impact  specimen;  tj(  is 
the  critical  temperature  determined  from  the  percentage  vis¬ 
cous  component  in  the  fracture.  The  critical  temperatures 
are  determined  as  50!?  of  the  value  of  the  characteristic  at 
+20°C  [42] 

7)  chemical  composition  of  steel,  % 

8)  designation 

9)  wire 

10)  Sv-IOGS 

11)  experimental  powdered 

12)  same 
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i  dajib  15XCHA  (HJ1-2,  CXJ1-1) 

2l.  CBoBcTea  npH  +20°  C  no  TOOT  5058—57 

3  XiiMimecxtiA  cocraa,  % 


c 

Mn 

SI 

Cf 

Nl 

Cu 

S 

4  ne  a 

p  1 

0,12-0,18 

0,40—0,70 

0,40-0,70 

0,60-0,90 

0,30-0,60 

0,20-0,40 

0,040 

0.040 

5  MexaHH'iecKHe  ciohcti* 


. -» - 

6  Tomuiliia 

^  o^,  «r/aa* 

g  0T.  Kr/MM» 

Ait.  % 

McnwrniiSe  Ha 
aarafl  a  xojio*. 
HOM  COCTOanNX 

npoxaT.1,  mm 

^  1 0  Hc  Mc,,ee 

4-32 

52 

35 

18 

180° 

11  IIiiHNMiHMt.  Vroa  sarHSa  onpcAcaeH  Ha  onpaaxe  (e),  paiHoll  jaolHoft  tohdinm 
JiHcta  (a). 


12  Hamaunui  —  craflfc  ISXCHfl  o0aa«arr  noauuteHMo*  ycrotaHiocrkio  lipoma  aoppoaaa. 
Ec  npuMCHaioT  ana  HarOToaacHaa  erpoMTcaaMux  4*pM,  KoncTpyauHl  uocroa  m  aaroaoa,  paa, 
ccaKKoxoaaRcTaeHNHX  mbuihh.  B  eyxocrpoeHMH  npHHCHXior  kik  KopnycHyn  crank. 


\ 

13  II.  MOXflHMHOCKNO  CBOfiCTBB  npH  HHIKHX  TOMnepiTyplX 


lipIpOSHOCTb  XMOAHOKaTIHOrO  JIHCT,  TMUtHHOA  2  MM  npH  piCT**tHHM  (99| 


15  l^pUBiecKiii  o6pa6oTKa 
\ 

TeMneparypa 

UCnblTlNMR 

0.6  *c 

o,,  kT/mm • 

7 

°r  *r£*' 

#.  14 

HopMMH3aUHA  C  OTIiyCKOM 

+  20 

56,1 

37,7 

23,6 

IT  " 

•  -50 

63,8 

39,4 

25,0 

—193 

92,0 

70,0 

26,5 

HopMa^HsauHA 

+  20 

63,5 

38,0 

19,5 

18 

-50 

71,2 

40,6 

' 

23,0  v 

19  npHMtaaHMe.  XhmhxcckhA  coctaa  CTaax,  %;.0,I7G  0,6#  Mn; ,  0,4#  SI;  0,71  O'. 
0.66  Ni;  0,34Cu;  0.020P;  0.02#  S. 


Key  to  page  34? 


I)  Steel  15KhSND  (NL-2,  SKhL-1) 

?)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

3)  chemical  composition,  % 

4)  not  above 

5)  mechanical  properties 

6)  rolled-stock  thickness,  mm 

7)  o  ,  kg/mm2 

8)  a£,  kg/mm2 

9)  bending  test  in  cold  state 

10)  not  below 

II)  Note.  Bending  angle  is  determined  on  a  mandrel  (c)  equal  to 
twice  the  sheet  thickness  (a) 

12)  Application  -  steel  15KhSND  exhibits  increased  corrosion  re¬ 
sistance.  It  is  used  in  production  of  roof  trusses,  bridge¬ 
building,  railroad  cars,  and  chassis  for  farm  machinery. 

13)  II.  Mechanical  properties  at  low  temperatures 

1*0  tensile  strength  of  cold-rolled  sheet  2  mm  thick  [99] 

15)  heat  treatment 

16)  test  temperature,  °C 

17)  normalizing  with  tempering 

18)  normalizing 

19)  Note.  Chemical  composition  of  steel,  %:  0.17  C;  0.53  Mn; 

0.48  Si;  0.75  Or;  0.66  Ni;  0.34  Cu;  0.029  P;  0.026  S. 
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1  yfl»pHaa  BH3KOCTW 


■  ■  1 

# 

:3 

3 

n 

*r  m/cm 

ripn  TenirwpaType,  *C 

=  - 

6 

COCTONHMC 

, 

.■'S1 

/Tureparyp* 

,  |? 

tfarepaa/u 

11 

+20 

0 

-20 

-40 

-«o 

-ao 

-100 

R  ^  s-p 

, 

»» •  'j 

* 

'l  ' 

t 

10 

ilaHHue 

12,8-13,8 

11,2-12,6 

1,8—10,4 

0, 5-0,7 

0,4-0, 8 

-20 

MHCTHTVTa 
H«Jrre-  h  yr.ie- 
xHMimecKoro 

ropn<ieKaTaHufl 

l 

_ 

5,3 

0.6 

12 

mm 

\ 

CHHTtja 

Orc»K)t!eHHuft 

17,3 

16,9 

(-50”) 

■WliUM 

r '  | 

(-120°) 

10,8 

i 

5.2 

[991 

gHopMajwao- 
7  BaHHblfl 

15,0 

15,7 

" 

(—50°) 

10,5 

■RhI  i 

(—120*) 

2,3 

7 

TopaieKaTaHuA 

*  11.7 

1,1— 1,9 

0,5 

0.7 

0,6-0, 6 

-20 

JaHHbie 

HHCTHTVTa 

11.7 

10,8 

4.8 

1.5 

0,5 

0.7 

■ 

V 

• 

Rwjrre-  h  yr.ie- 

xHMiiiecKoro 

14 

8 

OroxoKeHHbiA 

6,3-16,3 

12,2 

13,8 

7,5-12,3 

7, 5-8, 5 

7, 4-8,0 

1.3- 1.7 

-90 

CHHT<3a 

11,3 

12,2 

13,8 

9.9 

7,7 

1.5 

^  HopMajmao- 
BaHHblft 

12.5-17,5 

14,2-15,3 

12,5-15,5 

5,8-11,2 

-80 

12 

H>i*e 

-100 

, 

15,0 

14.7 

14,0 

8,5 

9,8 

5,9  • 

6.3 

3^^eHHuA 
h  OTnymeHHbiA 

17,4-19,4 

19,4-19,6 

17,4-19,0 

15,1-15,8 

14,5-15,5 

5,4-11.4 

18,4 

19,5 

18,2 

15,5 

15,0 

11.1 

8.4 

, 
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Key  to  page  3A4 

1)  impact  strength 

2)  sheet  thickness,  nun 

3)  material  state 

^ )  an»  kg*m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  anmin  £  ii  kg»m/cm2 

6)  source 

7)  hot-rolled 

8)  annealed 

9)  normalized 

10)  data  of  the  Institute  of  Petrochemical  and  Coal-Tar  Synthesi 

11)  quenched  and  tempered 

12)  below  -100 
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5, 5-8,0 
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— 
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182] 

8.6 

10,3-11,1 

8,7 

11,3-12,5 

8,5 

9,8-11,4 

6,9 

8,6-11,3 

1.7 

8, 6-8, 8 
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10,3 
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8,6 

30 

ropailKaiaHufi 
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8, 0-9, 7 

9,1-10,0 

8,2-8, 8 
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— 
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9ilaHHbie 
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H«Jrte-  h  yMe- 
xHMimecKoro 
CHHte3a 

9.0 

9,5 

8,5 
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]_ (J  npH  hm  i  H  h  a:  11 

-L-L  1.  XuMuucKui  cocmai  cmaAU,  % 


2 

ToaaiHHa  JlMCTa,  MM 

c 

Mn 

SI 

Cr 

Nl 

Cu 

p 

S 

12 

0,18 

0,51 

0.53 

mam 

0,014 

0.026 

OroxaceuHuA 

0,17 

0.53 

0.48 

It 

0.029 

0.026 

14 

12  . 

0.16 

v.0.57 

0,53 

0.017 

0.033 

20 

0,16 

0,66 

0.59 

!  .  j 

0.027 

0,027 

30 

0.18 

0.50 

0,47 

IHUBl 

m 

0,026 

0.029 

no*.  OOpamu  HS  jidct*  tojiuihhoA  20  mm  abipeiaHU  noncpeK  npoKna. 

■*■■3  *.  B  iHCAMTCAe  a*hu  npcAcau.  ■  aiiaMcHarrjie  —  cpaflHHt  aHaacHH a  yaapHofl  i*3Kocth. 
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Key  to  page  3^6 


1)  continued 

2)  sheet  thickness,  mm 

3)  material  state 

4)  an,  kg»m/cm2,  at  temperature,  °C 

5)  tkr,  °C,  at  anmln  <  4  kg*m/ cm2 

6)  source 

7)  hot-rolled 

8)  quenched  and  tempered 

9)  data  of  Institute  of  Petrochemical  and  Coal-Tar  Synthesis 

10)  Notes. 

11)  1.  Chemical  composition  of  steel,  % 

12)  annealed 

13)  2.  Specimens  are  cut  from  sheet  20  mm  thick  against  direc¬ 
tion  of  rolling.  3.  The  limits  are  given  in  the  numerator, 
and  the  average  impact-strength  values  in  the  denominator. 
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_L  R^hmhhc  io/io^chhh  oflpn.ma  ir.  yAapnym  omKOCTh 
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Ilo/iowe- 
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«M.  */ 

'•m/cm*,  npK  TtunepitType,  *C 

a 

O  II MC 

3  otipa.ina 
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Q  ^,ICT 
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— 
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10 
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“ 

0,5-0, 7 
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.  BAtwibq  . 

15,3 

11,3 

9,3 

8,8 
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[99] 

1  t'iiimA 
yrtwoK 

200  X  200 X 

X  16  MM 

1 2  n  p  r  • 

IlonepCK 

10 

X 

8,1 

5,6 
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3.1 

2_3«.  XumuuckuS  coemat  crruuu,  % 


^  J)  Torihrri  jirctr,  mm 

c 

Mn 

D 

Cu 

Nt 

a 

.  P 

12 

K99 

0,62 

0.43 

0.39 

0,42 

0,64 

0,031 

0,013 

20 

B3£fl 

EMI 

It, 36 

0.32 

0.32 

0,62 

0,025 

0,017 

30 

Hi 

0,65 

-X36  1 

0,33 

0,46 

0,70 

0,028 

0,020 

.  r  1.  JInctm  ropmeniTiHue. 

lj  >.  B  TtOJIHUt  npHWACXU  NHRKMIJU.HM  H  MIKCH MJlbHMC  (HIRtHHR  yAipHO*  IR1KOCTH. 


^gBjIhPHHC  CTapCHHI  HE  yABpHytO  MSKOCTb  [99] 


27  Coc  roadie  yarepaaju 

% 

KE 

,  icr-M/cu*,  npH  TtuncpiTypi, 

•C 

+20 

n 

-10 

D 

-30 

-40 

iSMwowo* . 

11,3 

8,7 

1 

5,7 

.0,58 

jqHimien  2%  h  crapeHHe  . 

15,3 

8,5 

8,1 

1,1 

0,62 

— 

»  6%  »  »  . 

14,0 

7,1 

5,4 

1.6 

— 

0.5 

•  10%  »  »  . 

10,7 

6,6 

2,9 

1.1 

0,9 

20  tip  R  HRR  «  R*  #.  Crtab  *  RCXOftROM  COCTORHMX  IHMI  nORKXUHXbN  RIRtCTRlf 
I  - 
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Key  to  page  348 


1)  effect  of  specimen  position  on  impact  strength 

2)  type  of  semiproduct 

3)  specimen  position 

4)  an,  kg«m/cm2,  at  temperature,  °C 

5)  source 

6)  sheet  12  mm  thick 

7)  sheet  20  mm  thick 

8)  sheet  30  mm  thick 

9)  lengthwise 

10)  crosswise 

11)  hot-rolled  angles  200  x  200  *  16  mm 

12)  Notes. 

13)  1.  Chemical  composition  of  steel,  % 

14)  sheet  thickness,  mm 

15)  2.  Hot-rolled  sheets.  3.  The  minimum  and  maximum  impact- 
strength  values  are  listed  in  the  table. 

16)  effect  of  aging  on  impact  strength  [99] 

17)  material  state 

18)  initial 

19)  2%  work  hardening  and  aging 

20)  Note.  In  the  initial  state,  the  steel’s  proper  i.es  were 
lower. 
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1  B-muHiie  TtMncpaTypMoro  pexama  ropimcfi  thCkh 
Hn  mc xniiM'iccMie  caoucrsa  ctbah  15XCHA  (CXJI-I)  149] 


i|  MHiiHHaahNua  jmixchh* 


Z' 

lz 

5  w 

O  a 

H  «* 

3 

Tcuncparypnufl  pewim  r«6KH,  *C 

6..  % 

«H.  «r np« 
6  TCMntpaType,  *C 

+20 

-40 

14 

7  HcxoAiioe  cocTonmic 

38,1 

30,0 

18,8 

12.2 

1  1100-900. 

36,6 

25,8 

13,8 

3,5 

950—650 

37,1 

25,2 

10,7 

0,9 

950-600 

38,5 

22,1 

2,3 

0,9 

830-680 

38,7 

24,0 

17,2 

11,8 

650-400 

38,6 

22,8 

9,1 

6,5 

20 

•  • 

7  HcXOflHO*  COCTOflHHe 

37,4 

30,0 

16,8 

9,4 

1100-900 

30,0 

29,5 

13,4 

0,6 

' 

950-650 

35,0 

28,2 

13,0 

1.7 

• 

950-600 

36,7 

14,7 

1.1 

0,5 

830  -680 

34,0 

27,6 

15,5 

9,6 

, 

650-400 

36,3 

18,5 

6,9 

0.8 

8  III.  Cbohctbs  cBapHbix  cobahhbhhH  npM  hhskmx  TeMnepaTypax 


9  BaMflHHe  pexHMa  arroMaTHHecKoA  caapuH 
na  yjupHyto  MauocTb  ctuiu  lSXCHfl  (HJ1-2)  [100] 


1  Q  Cnocofi  caapxH 

norOHHa*  aHcp- 
r»*  caapuH 

1  1  KOA/CM 

aH,  Jtr -m/cm',  npH 

6  TeMntparyp*.  ,*C 

'  +20 

-40 

22  BepTHKa^bHue  uiBbi,  cBapeHiiue  no 
■  pyinoA  noABapxe  . 

0 

'7  500-8  000 

11,1-13.9 

12.5 

7, 3-8, 5 

7.8 

13  BepTHKUbHbie  UJBbl,  CBapCHHbK  HB 

MtAHOfl  (lOAKJiaAKG . 

18  000-20  000 

6,9-9, 0 

8,0 

• 

1 ,6-2,5 

1,9 

1  flByCTOpOHHHe  BBTOMaTHbie  UJBbl,  CBa- 

peHHUe.B  HHJKH6M  nOJlOJKOHHH  .... 

« 

12  000-14  000 

7,5-12,4 

9,1 

0, 9-2,1 

1.4 

15 


n  p  h'm  e  a  i  h  h  *:  1.  A**  HccueAOiaHNA  npnu*H»;iH  uhctm  tovuijhho*  20  mm. 

2.  B  HHCJiHTtJia  a*hu  npefleau,  a  sHUNHiTcas  —  cpaahhc  »h«x«hh»  ygapiioA  MiKocra. 
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Key  to  page  350 


1)  Influence  of  temperature  con  .lit  ions  of  hot  bending  on 
mechanical  properties  of  steel  15KhSND  (SKhL-1)  [1*9] 

2)  sheet  thickness,  mm 

3)  temperature  conditions  in  bending,  °C 
**)  minimum  values 

5)  at>  kg/mm2 

6)  an,  kg*m/cm2,  at  temperature,  °C 

7)  initial  state 

8)  III.  Properties  of  welded  joints  at  low  temperatures 

9)  Influence  of  automatic-welding  conditions  on  impact  strength 
of  steel  15KhSND  (NL-2)  [100] 

10)  welding  method 

11)  linear  welding  energy,  cal/cm 

12)  vertical  welds,  formed  with  manual  root  welding 

13)  vertical  welds  formed  on  copper  backing 

14)  automatic  double-welded  joints  formed  in  flat  position 

15)  Notes.  1.  Sheets  20  mm  thick  were'  used  for  the  studies.  2. 

The  limits  are  given  in  the  numerator,  anc.  the  average  impact- 
strength  values  in  the  denominator. 


y.M'mn*  nojKOCTi.  iiih.ib  it]  cTajtH  I5XCIIA, 
cir:j:€HMi4x  n  c|>c,ic  yr/icKiicfloro  r«jn  |5'2) 


2  Miipaii  npono^ioKii 

^  a  .  «/"  nph  rcMncpiiTypc,  *C 

l|aHi  noc^c 
MrxiimiMr- 

I-'U 

-20 

-10 

PCIIHH  II p M 
4-20”  C 

Kr-M/CM * 

5  Cn D8r2CA 

6  01  ore 

10. 1  —10,9 

15,3-7,4 

4, 5-6, 4 

7,5-15,3 

10.5 

8,8-9, 2 
«J,() 

5,7 

3,8— 7,6 

i0.0- 

5,6 

5,4 -6,5 

5,U 

i 

11,8 

8, 5-3, 8 

3,6 

n  II  p  ii  M  p  >|  ft  lilt  H:  I.  MeXiiiniwcRnc  cripcimc  jiK/noqn/iock  ■  piCTRmpKHH  III  10%  h 
Hlrpriiiiniiii  npii  -4- 250°  C  a  ir'imjic  m«m. 

2  I)  qurPiiTCJic  ax •< npcflc^itj.  n  miMcnaTtJie  —  cpoaime  i  minimi  yaipHo*  iiikoctm. 
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Key  to  page  3r>2 


1)  impact-strength  of  steel  luKhSND  welds  formed  in  carbon 
dioxide  medium  [52] 

2)  wire  type 

3)  an,  kg*m/cm2,  at  temperature,  °C 

4)  an,  after  strain  aging  at  +20°C,  kg*m/cm2 

5)  Sv-08G2SA 

6)  Sv-IOGS 

7)  Notes.  1.  Strain  aging  consisted  of  10%  elongation  and  heat¬ 
ing  at  +250°C  for  1  hour.  2.  The  limits  are  given  in  the 
numerator,  and  the  average  impact-strength  values  in  the  de¬ 
nominator  . 

8)  an,  kg* m/cm 2 

9)  radius  of  specimen  notch,  mm 

10)  temperature,  °C 

11)  Fig.  83.  Impact  strength  of  low-alloy  steel  15KhSND  (NL-2) 
sheets  (0.14%  C;  0.70 %  Mn;  0.47%  Si;  0.64%  Cr;  0.69%  Ni; 
0.35%  Cu;  0.022 %  P;  0.029%  S)  20  mm  thick  a,s  function  of 
test  temperature  and  notch  radius  [12] 

12)  Fig.  84.  Impact  strength  of  steel  15KhSND  (NL-2)  sheets 
(0.14%  C;  0.70%  Mn;  0.46%  Si;  0.64%  Cr;  0.69%  Ni;  0.34%  Cu; 
0.022%  P;  0.029%  S)  20  mm  thick  as  function  of  test  tempera¬ 
ture  and  notch  radius  [12] 
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Phc.  85.  yAapMix  »*jKocTfc  SwceMepoxcKo*  hhiko- 
3_  iicrMpoiiHKoll  crane  I5XCHA  (BH/1-2)  •  coctoh* 
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ptcraxtHMCM  ■■  10%  ■  iirptMiai  Dpi  110* C  1101 


Key  to  page  351! 

1)  an,  kg*m/cm? 

2)  temperature,  °C 

3)  Fig.  85.  Impact  strength  of  low-alloy  Bessemer  steel  15KhSND 
(BNL-2)  in  as-delivered  state  (No.  22  channel  iron)  [102] 

*0  Fig.  86.  Impact  strength  of  low-alloy  Bessemer  steel  15KhSND 
(BNL-2)  after  work  hardening  with  10%  elongation  and  heating 
at  +250°C  [102] 


-355- 


1  pric .  87.  Kpimmi-CKnH  trMiir|'nTyp.i 
xpyi’Koci il  ct.i.hi  l.%  XCII/l  ( ll-'l  *') 
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niinioro  paAoyco  [101  i 
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Pic.  19.  yAipoaft  ihikoctl  cnapiiwx  uinon  ctbah  15XCHfl 
ICXJI-I),  AumuiHCHHux  b  cpcAe  yracKHcaoro  nai  npoiono- 
lol  Ca-IOTC.  CBipHlOAHCh  AIICTH  TOA Lilli H ofl  I  6  MM  C  V-oCpBB- 
HO*  piaxeAKoS  KpoMOK  ■  Tp ii  npoxoAa  (54  ] 


7  XuMuircKU i]  cocmat  cmaAU,  % 
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^ q  Ci* lore 
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Key  to  page  356 


1)  critical  brittleness  temperature,  °C 

2)  notch  radius,  mm 

3)  Pig.  87.  Critical  brittleness  temperature  of  steel  15KhSND 
(NL-2)  (0.17%  C;  0.68%  Mn;  0.42?  Si;  0.028?  P;  0.034?  S; 

0.60?  Cr;  0.44?  Ni;  0.016?  Mo)  determined  on  10  x  10  x  55  mm 
specimens  with  notches  of  different  radius  [101] 

4)  an,  kg*m/ cm2 

5)  temperature,  °C 

6)  Fig.  88.  Impact  strength  of  steel  15KhSND  (NL-2)  welds  formed 
in  carbon  dioxide  medium  as  function  of  test  temperature  [98] 

7)  chemical  composition  of  steel,  ? 

8)  designation 

9)  wire 

10)  Sv-IOGS 

11)  experimental  powdered 

12)  same 

13)  Pig.  89.  Impact  strength  of  steel  15KhSND  (SKhL-1)  welds 
formed  in  carbon  dioxide  medium  with  Sv-IOGS  wire.  Sheets 
16  mm  thick  with  V-type  edge  shaping  were  welded  in  three 
passes  [54] 

14)  metal  type 

15)  15KhSND  (SKhL-1) 
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Phc.  90.  3aiHCHM0CTh  ae^H<niHU  yflapHoft  brjxocth  ropaieKaTiHofl  h  TepMHieeKH 
oOpafioTaRHoft  ctbah  I5XCHA  e  paaRKRHUM  coAf pRcaHiicH  yrAcpoAi  ot  Ttwie- 
pSTypU  HCnUTAHHfl! 

i  —  ropmeKiTaHcx  coctorhhc,  2  —  sana-ruta  c  920®  C  h  omycK  np.t  620*  C  [1 10] 

7  CTa/ib  lOXrCHA  (MC-1) 

8  I.  CBoficTBa  npH  +20°  C  no  T0CT  5058—57 

9  XhmhmcckhA  coctbb,  % 
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Key  to  page  358 

1)  an,  kg'm/cm2 

2)  12  mm  thickness 

3)  20  mm  thickness 

4 )  30  mm  thickness 

5)  test  temperature,  °C 

6)  Fig.  90.  Relationship  between  impact  strength  of  hot-rolled 
and  heat-treated  steel  15KhSND  with  various  carbon  contents 
and  test  temperature.  1)  hot-rolled  state;  2)  quenched  from 
920°C  and  tempered  at  620°C  [119] 

7)  Steel  lOKhGSND  (MS-1) 

8)  I.  Properties  at  +20°C  according  to  GOST  5058-57 

9)  chemical  composition,  % 

10)  steel  type 

11)  lOKhGSND  (MS-1) 

12)  not  above 


Key  to  page  36O 

1)  mechanical  properties 

2)  steel  type 

3)  rolled-stock  thickness,  mm 

4)  ov,  kg/mm2 

5)  at,  kg/mm2 

6)  bending  test  in  cold  state 

7)  lOKhGSND  (MS-1) 

8)  not  below 

9)  Note.  Bending  angle  determined  with  a  mandrel  (c)  equal  to 
twice  the  sheet  thickness  (a) 

10)  Application  -  used  in  shipbuilding 

11)  II.  Mechanical  properties  at  low  temperatures 

12)  tensile  strength  [1J7] 

13)  test  temperature,  °C 
111)  ot/orv«100 

15)  Note.  A  30-mm  thick  sheet,  quenched  and  high-tempered ,  was 
used  for  the  studies 

16)  influence  exerted  by  temperature  conditions  of  hot  bending 
on  mechanical  properties  of  steel  lOKhGSND  (MS-1)  [119] 

17)  sheet  thickness,  mm 

18)  temperature  conditions  of  bending,  °C 

19)  minimum  values 

20)  an,  kg'm/cm2,  at  temperature,  °C 

21)  initial  state 


III.  CboRctbb  CBapHbix  cogahhohhR  npw  hhskmx  Tewnepaiypax 


2  yAapnnn  BmKOCTh  wi.ua  cTajw  lOXrCHA  (MC-I), 
nojiyiCHHUx  MCKTpoui.iaKOioA  ciapnoA  /ihctob  toauiiihoA  16  mm  |50] 


2  Mecro  BNpf 3kh  h  iiaAPti*  oOpaau* 

«H,  kT  m/cm *,  npn  TCMneptType,  *C 

+M 

-40 

5  UJob  c  HaApoaoM  no  ueiiTpy . 

9,4-14,1 

11,3 

4, 6-7, 6 

6,0 

6  OciiodiioA  mctoaa,  naApcs  B  30IIC  TCpMM- 

MCCKOrO  BAHHIIHH . 

12,6-15,1 

14,3 

3,6-12,2 

7,6 

7  n  p  h  M  e  i  a  h  it  a;  I.  XHMiiqccKnfl  cocT3(i  MeTaflJia  iubi,  %|  0,09  G  0,35  SI;  l,46]Mn 
0,2$  Cr;  0,65  Nl;  0,31  Cu;  0,0?9  S. 

2.  CBipxy  JIMCTOB  TO.IUUIKoR  16  MM  BMnOAHBAH  npOBOAOKoft  CB-10T3  nOA  4MIIOCOM  OCU-45. 

3.  B  BHCJiHTt/ie  abbu  npefle^bi,  a  sHaMCHaTeJie  cpeAHHe  aHiatiiMB  y*apHoA  mikocth. 


8  CTanb  2SX2rHTA  (9H519) 

9  I.  CBOHCTBa  npa  +20°  C  no  4MTY  5596—56 

j_q  XhmhmcckhA  coctsb,  % 


Mn 

SI 

s 

P 

Cr 

Nl 

Tl 

|L  l«e  6o/ie« 

0,22-0,29 

0,8-1 .3 

.0,20-0,50 

0,03 

0,03 

1.2-1, 7 

0,9-1, 4 

0,06-0,12 

12  MeXtHKHeCKHC  uoActh 


npo«ii(ocTfc»  npn  xopouie#  naacTHBHocTH  m  ■xxxocti.  • 
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1)  III.  Properties  of  welded  Joints  at  low  temperatures 

2)  impact  strength  of  steel  lOKhGSND  (MS-1)  welds  formed  by 
molten-slag  arcless  electric  welding  of  sheets  16  mm  thick  [50] 

3)  location  of  grooving  and  specimen  notch 

4)  an,  kg^/cm2,  at  temperature,  °C 

5)  weld  with  notch  along  center 

6)  base  metal,  notch  in  weld-metal  zone 

7)  Notes.  1.  Chemical  composition  of  weld  metal,  0.09  C; 

0.35  Si;  0.46  Mn;  0.25  Cr;  0.55  Ni;  0.31  Cu;  0.029  S.  2. 

Sheets  16  mm  thick  were  welded  with  Sv-10G2  wire  under 
OSTs-45  flux.  3.  The  limits  are  given  in  the  numerator,  and 
the  average  impact-strength  values  in  the  denominator. 

8)  Steel  25Kh2GNTA  (EI519) 

9)  I.  Properties  at  +20°C  according  to  ChMTU  5596-56 

10)  chemical  composition,  % 

11)  not  above 

12)  mechanical  properties 

13)  Brinell  hardness  dotp,  mm 

14)  ov,  kg/mm2 

15)  at»  kg/mm2 

16)  an,  kg*m/cm 

17)  not  below 

18)  Application  -  for  production  of  heavily  loaded  components;  it 
exhibits  high  strength  with  good  plasticity  and  toughness 
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I  II.  MexaNHHflCKHe  cbo&ctbb  npH  hmikhx  TOMnepuypax 


2  flpOMHOCTb  npil  pBCTXMCHMM  1 1  1 6] 


^  TepUBBBCBBB  otipsfoTKft 

,0 
a* 
v  4 

4  SSL 

1  ** 

5 .4 

m 

7  .! 

t>  H 

Si 

O 

it 

* 

I  : 
c 

ICQskwkb  '  c  850°  C  n 
MKJtt  c  omycxob  I80°C 

+20 

169,4 

233 

152,7 

257 

11,8 

49,7 

1,38 

-70 

174,5 

234 

160,2 

266 

13,4 

53,3 

1,34 

-196 

202,8 

178 

176,6 

290 

12,2 

44,0 

0,88 

P 

[I  np«Mt<i*HH«.  Xhmiiiicckh*  cocTii  CTiBH,  %;  0,26  Cs  0.92  Mn;  0,26  SI;  1,34  Cr;  1,49  Nl; 
liWTI. 


12  yAapHtd  aasKOCTb  [1161 


3  TepMR1CCK«a  oflpiflOTKI 

V^apHtR  msKocTk  uf  a/ia1 

1  3  npa  TCHnepiryp*,  *C 

+» 

-TO  . 

-IN 

"Ti 

3aau>a  c  850*  C  ■  uacnc,  otnyca  180*  C 

6,6 

5.6 

2.2 

V.  . 

15  ripmaiaiH*.  Ximn«cui  coctib  ctmr  tot  m,  bto  ■  ■  npwuwMt  t  *&*■*•. 
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1)  II.  Mechanical  properties  at  low  temperatures 

2)  tensile  strength  [116] 

3)  heat  treatment 

4)  temperature,  °C 

5)  av,  kg/mm2 

6)  avn>  kg/mm2 

7)  at*  kg/mm2 

8)  Sk,  kg/mm2 

9 )  0v x\/ Ov 

10)  quenching  from  850°C  in  oil  with  l80°C  tempering 

11)  Note.  Chemical  composition  of  steel,  %i  0.26  C;  0.92  Mn; 
0.25  Si;  1.34  Cr;  1.49  Ni;  0.07  Ti. 

12)  impact  strength  [116] 

13)  impact  strength  an,  kg*m/cm2,  at  temperature,  °C 

14)  quenching  from  850°C  in  oil,  l80°C  tempering 

15)  Note.  The  chemical  composition  of  the  steel  is  the  same  as 
that  in  the  preceding  table. 
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